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ABSTRACT 
Several bumble bee species in North America appear to have undergone rapid declines in 
abundance and distribution. Bombus franklini is probably extinct; B. occidentalis and B. affinis 
currently are experiencing extensive range reductions; and a shift in the range of B. 
pensylvanicus indicates a similar trend. In an unprecedented survey, 9,909 specimens of 36 
bumble bee species in 38 states were collected and evaluated for presence of pathogens, but I 
focused on the microsporidium Nosema bombi and its prevalence in two putatively declining 
species, B. occidentalis and B. pensylvanicus, and four stable species, B. impatiens, B. 
bimaculatus, B. bifarius and B. vosnesenskii. Crithidia bombi, a protozoan bumble bee pathogen 
was common in some species, particularly B. mixtus, B. impatiens and B. bimaculatus. It was 
present in 2.6% of all examined specimens and occurred across most of the United States. 
Nosema bombi was recovered from 2.9% of all collected specimens. It was present in bumble 
bee populations in 26 of the surveyed states, predominantly in B. occidentalis (37%) and B. 
pensylvanicus (15.2%), the species considered to be declining. N. bombi infections occurred in 
these two hosts in more than 40% of surveyed sites, significantly more than for other hosts. 
Recovered N. bombi isolates were genetically identical to European strains. The only variation in 
the pathogen among host species was found in the internal transcribed spacer (ITS) region of the 
rRNA gene, indicating the presence of multiple alleles and a single nucleotide polymorphism 
(SNP) that may be unique to North American bumble bee species. Slight variation in infectivity 
was documented, with only B. occidentalis bees developing infections after oral inoculations. It 
is still unclear whether N. bombi is contributing to population declines, but correlation of 
declining species and pathogen prevalence suggest higher susceptibility of these host species. 
The findings of this thesis support the hypothesis that N. bombi is Holarctic in distribution. 
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INTRODUCTION 
Bumble bees (Hymenoptera: Apidae, Bombini) are recognized as one of the world’s most 
important pollinators and of immense value for its services to agriculture (Winter et al. 2006). 
They are responsible for pollinating many consumable products including tomatoes, red and 
green peppers, eggplant, watermelon and cucumber. The tomato industry is especially dependent 
on bumble bees as pollinators. The vast majority of all bumble bee sales are for tomato 
pollination – over 40,000 hectares of greenhouses worldwide, with an estimated value of over 
$16 billion per year are pollinated by several species of bumble bees (Velthuis & Van Doorn 
2006). Bombus terrestris L. and Bombus impatiens Cresson are the two principal species used in 
commercial pollination today with approximately one million colonies produced each year 
(Velthuis & Van Doorn 2006). In the US, B. occidentalis was previously widely used as well, but 
difficulties in rearing, supposedly higher pathogen susceptibility and the inability to meet the 
demands of tomato and cranberry growers were reasons for the major supplier to abandon them 
in the late 1990s (Velthuis & Van Doorn 2006, Evans et al. 2008). 
In the wild, bumble bees are part of intricate pollination networks that are difficult to 
value (Costanza et al. 1997). These networks depend on all their components and are therefore 
much affected by local extinctions. Memmott et al. (2004) showed that removal of such highly 
linked pollinators as bumble bees and solitary bees produced highest rates of decline in the plant 
communities. Bumble bee population declines could have extensive effects on several trophic 
levels, including on humans.  
Over the past few decades, reports of locally declining bumble bee species (Thorp 2008, 
Inoue et al. 2007), decreases in community richness (Biesmeijer et al. 2006, McFrederick & 
LeBuhn 2006, Colla & Packer 2008, Grixti et al. 2009), local extinctions (Kosior et al. 2007) and 
reduction of range (Williams 1982, Rasmont et al. 2006, Fitzpatrick et al. 2007, Williams et al. 
2007) have become common. Six bumble bee species in Great Britain have been suggested to be 
rare and declining (Williams & Osborne 2009). Two species have completely disappeared from 
the British Isles over the past 50 years  and are considered to be extinct (Goulson et al. 2008, 
Williams & Osborne 2009), while four species became extinct on the European mainland over 
the same time period (Kosior et al. 2007). Williams & Osborne (2009) have provided a recent 
assessment of the conservation status of bumble bee species across the globe. 
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Reasons for such declines are difficult to evaluate and appear to vary in different parts of 
the world. Goulson et al. (2008) listed four hypotheses contributing to declines: climate change, 
habitat fragmentation and change, pesticide use, and the introduction of nonnative pollinators. So 
far, there is little evidence that “global climate change” has a strong deleterious effect on local 
bumble bee populations. It is possible that warm- or cool-adapted species suffer more from 
changes in climatic variation, but varying population shifts northward and southward in Great 
Britain indicate that climate warming is probably not an explanation for the decline (Williams et 
al. 2007) in the British Isles. In Europe, the most documented hypothesis for declining bumble 
bee species is habitat change; some species are thought to suffer from inbreeding due to 
geographic isolation (Darvill et al. 2006, Goulson et al. 2008), while a reduction in the available 
amount of floral resources, especially late-blooming species, affects those species with a 
narrower food range (Goulson et al. 2008). Urbanization, as well as increased use of land for 
agriculture and changes in agricultural practices have likely contributed to the shifting of some 
species to the edges of their ranges. Fitzpatrick et al. (2007) suggested that replacement of hay 
with silage in Ireland resulted in earlier and more frequent mowing, which in turn limited 
diversity of late summer wildflowers which could have an effect on bumble bee fauna. 
Introduction of nonnative species is a reason for concern because of the possibility of 
competition through niche overlap with native pollinators (Goulson 2010), and because they may 
inadvertently introduce exotic pathogens into native populations (Winter et al. 2006, Brown & 
Paxton 2009). This has been reported as a potential threat to bumble bee populations in Japan. B. 
terrestris, the most common species in Europe, was introduced for commercial purposes and has 
increased rapidly in abundance, while the native B. hypocrita sapporoensis Cockerel decreased. 
Inoue et al. (2007) found that the two species competed for nest sites and hypothesized that 
displacement was a reason for decreasing abundance of the latter species. It has been shown that 
B. terrestris assisted in the introduction of the tracheal mite, Locustacarus buchneri, into 
commercially reared Japanese bumble bee species (Goka et al. 2001); and Niwa et al. (2004) 
demonstrated that the native B. hypocrita and B. diversus are susceptible to spores of the 
microsporidium Nosema bombi, isolated from commercial B. terrestris workers. The Japanese 
government has now included B. terrestris in their Invasive Alien Species Act (Velthuis & Van 
Doorn 2006).  
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Apparently, the only similarities among species that are considered to be declining 
globally are greater climatic specialization and late emergence time. Species that live closest to 
edges of their climatic range are also more susceptible to decline (Williams et al. 2009). Former 
hypotheses concerning correlation with tongue size (Goulson et al. 2005) do not seem to hold up 
for all species.  
 
Bumble bee decline in North America 
The status of bumble bees in North America has not been as well studied as in Europe and the 
long-term population dynamics of North American bumble bee species are still essentially 
unknown. Recently, some light has been shed on changes in bee distribution by comparison of 
current abundance data with historic museum collections (Grixti et al. 2009, Lozier & Cameron 
2009) and older surveys (Colla & Packer 2008). However, little is known about the factors 
involved in variation of abundance and the extent to which North American populations fluctuate 
over long periods of time. Some bumble bee species have obviously declined in abundance over 
the past couple of decades. Most prominently, B. franklini (Frison) has apparently disappeared 
from its narrow original native range, a 145 x 70 mile region in Northern California and 
Southern Oregon (Thorp 1999, Thorp 2008). B. affinis Cresson seems to be almost equally rare 
in the eastern US. While its original range reached from Quebec and Ontario south to Georgia 
and west to the Dakotas (Thorp & Shepherd 2005), it is now rarely found and records are mostly 
anecdotal. Colla & Packer (2008), in an attempt to resurvey an area in Southern Ontario 
previously surveyed by Macfarlane (1974), could not find a single specimen of B. affinis 
between 2004 and 2006. Macfarlane, over a similar period, found 975 queens, workers and 
males.   
Other North American species are thought to have experienced threatening reductions in 
range and abundance, but data is often sparse or restricted to few locations. B. occidentalis 
(Greene) has apparently become rare at sites where it was once common, especially on the North 
American west coast (Rao & Stephen 2007, Thorp 2008), while remaining relatively abundant at 
others (Otterstatter & Whidden 2004). Its close relative and eastern counterpart, B. terricola 
Kirby, is also reported to have declined in its native range (Heinrich 2004, Colla & Packer 2008). 
B. pensylvanicus (DeGeer) is a species with a native habitat throughout the eastern and 
midwestern US. Recent surveys were unable to recover it from Northern Illinois (Grixti et al. 
  
4 
 
2009) and some regions of Canada where it was abundant 30 years ago (Colla & Packer 2008). 
In fact, this species shows slightly reduced genetic diversity when compared to individuals that 
were collected in the late 1960s and populations appear to have become increasingly isolated 
(Lozier & Cameron 2009). 
With the exception of B. pensylvanicus, all of the above species belong to the subgenus 
Bombus sensu stricto; B. pensylvanicus belongs to the subgenus Thoracobombus. This has led to 
the hypothesis that species of the subgenus Bombus sensu stricto have characteristics which 
make them particularly susceptible to declines; but while B. hypocrita, the only Japanese species 
of this subgenus, is experiencing similar reductions in abundance, the only European species of 
Bombus sensu stricto are B. terrestris and B. lucorum, likely the most abundant species in Europe 
(Goulson et al. 2008). Species of other subgenera are less commonly associated with declines; 
Pyrobombus, for example, is a large subgenus that features many of the most abundant species in 
North America, including B. impatiens, B. bimaculatus Cresson, B. vosnesenskii Radoszkowski 
and B. bifarius Cresson.  
While the only bumble bee species recognized as endangered by the International Union 
for Conservation of Nature (IUCN) is B. franklini (Kevan 2008), local extirpations and 
population declines experienced by such species as B. affinis and B. occidentalis are reasons to 
investigate possible causes of decline of bumble bee populations in North America. These causes 
are equally difficult to assess as those in Europe. Grixti et al. (2009) noted that declines in 
species abundance in museum collections apparently coincided with increased use of tractors and 
expansion of farms in Southern and Central Illinois and proposed that increased agricultural 
intensification was a factor. Hines & Hendrix (2005) found that populations in tallgrass prairie 
patches are at least as much dependent on floral resources in nearby grassland areas as on the 
diversity of the prairie sites. Due to progressively expanding agricultural development and 
urbanization, prairies have become increasingly rare in midwestern states like Illinois and Iowa 
and today less than 1% of natural prairie remains (Robertson et al. 1997).  
While habitat loss likely plays an important role in long-term variation of bumble bee 
populations in the US, it does not explain why population declines are more severe in some 
bumble bee species than in others. Lately, much attention has been given to the hypothesis that 
pathogens of introduced bees are involved in the decline of North American bumble bee 
populations. 
  
5 
 
The two bumble bee species commercially reared for use in North American greenhouses 
were the western species B. occidentalis and the eastern B. impatiens. Both were abundant in 
their respective ranges in the early 1990s. Koppert and Biobest, the companies rearing and 
supplying commercial bumble bees, have discontinued the rearing of B. occidentalis (Evans et al. 
2008). One reason was that B. occidentalis colonies, although more efficient pollinators, did not 
grow to their full potential in greenhouses and produced fewer workers (Whittington & Winston 
2004). B. impatiens also had detrimental effects on B. occidentalis when the two species were 
released into greenhouses together (Whittington & Winston 2004).  In addition, high prevalence 
of the microsporidium Nosema bombi in greenhouse populations of B. occidentalis contributed 
to the discontinuation of this species for commercial pollination purposes (Thorp et al. 2002, 
Flanders et al. 2003, Velthuis & Van Doorn 2006). 
Subsequent to the termination of commercial rearing of B. occidentalis, Thorp (2001) 
suggested that N. bombi could be responsible for localized declines of wild B. occidentalis 
populations via transmission of the pathogen from escaped, infected individuals to natural 
populations. The N. bombi disease outbreaks occurred when both B. occidentalis and B. 
impatiens were consolidated within single facilities in Michigan and Ontario, Canada (Thorp 
2001, Thorp 2003). Previously, B. impatiens and B. occidentalis had been imported into Europe 
and reared together with the European species B. terrestris for pollination of various greenhouse 
crops (Flanders 2003). Thorp (2008) hypothesized that the bees contracted European N. bombi 
infections at this time. While it is also possible that commercial colonies contracted N. bombi 
from field-caught North American B. occidentalis queens (Velthuis & Van Doorn 2006), the 
rapid decline of wild B. occidentalis at several locations in California and Oregon (Rao & 
Stephen 2007, Thorp 2008) immediately following the outbreaks in rearing facilities led to the 
suggestion that transmission of N. bombi from commercial to wild bees was a cause-and-effect 
situation (Thorp & Shepherd 2005, Colla et al. 2006, Otterstatter & Thomson 2008). There is 
still no evidence to support this hypothesis, but it has been shown that bumble bees escape from 
greenhouses (Whittington et al. 2004) and that commercial colonies have higher disease 
prevalence; Whittington & Winston (2003) found that of half of 49 B. occidentalis colonies from 
Biobest were infected with N. bombi, with a mean prevalence of 58% in sampled bees. Colla et 
al. (2006) found higher prevalence of the protozoan Crithidia bombi at two sites near 
greenhouses while it was absent at four distant control sites. These data are insufficient to infer 
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transmission of the pathogens from greenhouse bees to wild populations; the hypothesis that 
pathogens from commercially reared bees could “spill over” into wild bumble bee populations 
needs to be further tested. 
 
Bumble bee pathogens 
The most commonly reported bumble bee pathogens are the microsporidium Nosema bombi 
Fantham & Porter 1914, and the trypanosome flagellate Crithidia bombi Lipa & Triggiani 1980 
(Kinetoplastida; Trypanosomatidae). Other parasites and pathogens include tracheal mites 
(Shykoff & Schmid-Hempel 1991a, Otterstatter & Whidden 2004, Korner & Schmid-Hempel 
2005), nematodes (Macfarlane et al. 1995), viruses (Genersch et al. 2006), conopid parasites 
(Shykoff & Schmid-Hempel 1991a, Korner & Schmid-Hempel 2005) and several other fungi, 
protozoa and bacteria (Macfarlane et al. 1995). Few have been studied as extensively as 
C. bombi and N. bombi.  
 
Nosema bombi 
Nosema bombi was first described in 1914 by Fantham & Porter. It is an obligate, intracellular 
microsporidium that primarily infects the Malpighian tubules and the midgut tissues (McIvor & 
Malone, 1995), but can be found in muscle tissues, fat body, tracheae and even nerve cells in the 
brain (Fries et al. 2001, Larsson 2007). The effect of N. bombi is chronic, rather than acute 
(Larsson 2007); infected individuals show no external symptoms (McIvor & Malone 1995) and 
can behave normally even with heavy infections (Otti 2008). A variety of partly contradictory 
symptoms has been documented: reduced life span (Fantham & Porter 1914, Schmid-Hempel & 
Loosli 1998, Rutrecht & Brown 2009), reduced individual reproductive rate (Otti & Schmid-
Hempel 2007, 2008, van der Steen 2008), increased productivity of sexuals (Imhoof & Schmid-
Hempel 1999) and reduced colony growth (Rutrecht & Brown 2009). Imhoof & Schmid-Hempel 
(1999) found little effect on colony performance. 
Not much is known about how N. bombi is transmitted. Because bumble bees have an 
annual life cycle, spores must be transmitted to the next generation in order to survive. Fall 
queens are the only surviving caste of a bumble bee colony; they hibernate throughout the winter 
and generally build a new nest in the following spring (Kearns & Thomson 2001). The primary 
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form of transmission of N. bombi between colonies is probably via overwintering queens (Otti 
2008). There is some indication that spores can be vertically transmitted via eggs (Rutrecht et al. 
2007, Rutrecht & Brown 2008b). Rutrecht & Brown (2009) showed that transmission was also 
possible from males to gynes in the fall. It is often speculated that horizontal transmission occurs 
in the field, through feces and contact on flowers. While N. bombi spores are frequently found in 
bumble bee feces (Imhoof & Schmid-Hempel 1999, Otti & Schmid-Hempel 2008), there is thus 
far no empirical data verifying it as a form of transmission; few adult bees became 
experimentally infected (Rutrecht et al. 2007, Otti 2008). Apparently, the brood plays an 
important part in natural infections of the colony (Rutrecht et al. 2007, Rutrecht & Brown 2008b, 
Otti 2008).  
In Europe, N. bombi was found to infect multiple species of bumble bee (Fries et al. 
2001, Tay et al. 2005). Although microsporidia other than N. bombi have been shown to infect 
bumble bees either in experiments (Showers et al. 1967, but see Van den Eijnde & Vette 1993) 
or in the field (Plischuk et al. 2009), these findings remain rare. N. bombi is the only 
microsporidium found consistently in Bombus spp. globally (MacFarlane 1995, McIvor & 
Malone 1995, Fries et al. 2001, Aytekin et al. 2002, Tay et al. 2005, O’Mahony et al. 2007). It is 
widespread in Europe, both in geographic distribution and in host species, occurring in at least 
ten different bumble bee species (Paxton 2008). In North America, N. bombi was primarily 
identified in bumble bees from Canada (Fantham et al. 1941, Macfarlane 1974, Colla et al. 
2006), from commercially reared colonies (Whittington & Winston 2003), and recently from 
natural populations in Tennessee (Sokolova et al. 2010). 
There has been little research on susceptibility of bumble bee species to N. bombi, and 
none for American bumble bees. Some European studies indicate distinct differences in 
infectivity among N. bombi isolates from different host species. In field surveys, it was shown 
that N. bombi infects bumble bee species at variable rates (Larsson 2007, Paxton 2008). Schmid-
Hempel and Loosli (1998) showed that spores harvested from B. terrestris were less infective to 
workers of B. hypnorum than to B. terrestris, while case mortality of infected individuals was 
higher. 
Molecular characterization of Microsporidia has so far relied on the small subunit of the 
ribosomal RNA (rRNA) gene. While it is common that multiple microsporidian species or 
genera infect the same host (Solter & Maddox 1998, Huang et al. 2007), this is apparently not the 
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case for bumble bees. In Europe, an exemplary collaboration of research teams from four 
countries revealed that the nucleotide sequence of the N. bombi rRNA gene is identical for all 
targeted bumble bee species (Fries et al. 2001, Tay et al. 2005). There are, however, numerous 
non-species specific single nucleotide polymorphisms (SNPs) in small and large subunit as well 
as a 4bp insertion in the internal transcribed spacer (ITS). All European isolates had short 29-bp 
ITS-rRNA with a tetranucleotide repeat (GTTT)2, as well as a long 33-bp ITS-rRNA with an 
insertion of another such tetranucleotide (O’Mahony 2008). Six small and seven large variants, 
resulting from polymorphisms in the ITS region, were found in the surveyed species (Tay et al. 
2005, O’Mahony 2008). These variants were distributed across populations and showed no sign 
of species specificity (Tay et al. 2005). There are, however, a few long variants that were found 
to be present in only a small number of species; B. pascuorum isolates from Sweden, for 
example, are seemingly the only ones with a GTTTGTTTATTT variant (O’Mahony et al. 2007). 
Because microsporidia in the genus Nosema have two nuclei in an individual spore (Cali & 
Takvorian 1999), and because of the presence of multiple copies of rRNA in a genome (Liao 
1999), it is not surprising to find variation. O’Mahony et al. (2007) showed that several rRNA 
sequence variants exist not only within the same microsporidian isolate, but even within the 
same spore (suggesting incomplete homogenization through concerted evolution). 
 
Crithidia bombi 
The trypanosome flagellate Crithidia bombi is another common parasite of bumble bees 
(Shykoff & Schmid-Hempel 1991a, Imhoof & Schmid-Hempel 1999, Rutrecht & Brown 2008a). 
C. bombi predominantly occurs in the lumen of the midgut and rectum of bumble bees; unlike N. 
bombi, it is strictly extracellular. The replication in the host is rapid but the effects are subtle, 
including reduced pollen loads carried in foraging trips (Shykoff & Schmid-Hempel 1991a), 
variation in foraging behavior (Otterstatter & Thomson 2006), increased development of ovaries 
in workers (Shykoff & Schmid-Hempel 1991a), slower colony growth rate and reduction in 
colony fitness (Brown et al. 2003). Horizontal transmission occurs within the colony and during 
foraging trips, where the pathogen can be contracted from contaminated flowers (Schmid-
Hempel & Schmid-Hempel, 1993). C. bombi it is more likely to spread between closely related 
individuals than to other colonies (Shykoff & Schmid-Hempel 1991b, Liersch & Schmid-
Hempel 1998). 
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There have been few molecular studies on C. bombi. Schmid-Hempel & Reber Funk 
(2004) used microsatellites to find that half the inspected B. terrestris colonies were infected 
with more than one genotype, and a total of 38 different C. bombi genotypes were detected in 20 
colonies. They suspect the high number of genotypes to result from strong genotypic host-
pathogen interactions. The small subunit rDNA was recently sequenced for the first time, placing 
C. bombi phylogenetically within a cluster of Trypanosomatidae, as expected (Meeus et al., in 
press). 
 
Several recommendations have been made to improve regulations of commercial use of bumble 
bees in the US (Winter et al. 2006). The Xerces Society and several universities and institutes 
across the US are currently monitoring and studying species at risk. The introduction of alien 
species such as B. terrestris is strictly controlled (Evans et al. 2008) and in several western states 
the importation of B. impatiens colonies from Koppert requires special permits. A petition to 
USDA-APHIS requesting to prohibit movement of bumble bee species outside their native range 
for pollination purposes was signed by over 60 scientists in February 2010. This would reduce 
the likelihood of disease transmission into endangered wild populations and reduce competition 
between introduced and native species. Nevertheless, the host-pathogen cycle in North American 
bumble bees is not sufficiently understood to be able to predict effects of N. bombi and C. bombi 
on bumble bee populations. 
 As part of this Master’s Thesis, I surveyed the distribution of these pathogens in bumble 
bees throughout the US and attempted to answer some urgent questions: What is the distribution 
of N. bombi in the US? Are pathogens, in particular N. bombi, involved in bumble bee declines 
in the US? If so, why are some species more affected than others? Is N. bombi an introduced 
pathogen from Europe or is it a Holarctic species that is indigenous in North American bumble 
bee populations? 
Any variation in a generalist microsporidium like N. bombi, be it genetic or behavioral, 
may be an indication that there are different isolates. Specificity within the host genus is a 
woefully understudied phenomenon for this microsporidium. I attempted to elucidate variation of 
the pathogen and the effect of N. bombi on several North American bumble bee species. Long-
term data is needed to understand the relationship between pathogen and host populations. The 
research presented here, covering data from three years of field collections throughout the US, 
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adds to our knowledge on the role pathogens play in the life cycle of North American bumble 
bees. 
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METHODS 
Bumble bee sampling 
The collection of bumble bees from the continental United States was performed in a 
collaborative effort by researchers from the University of Illinois at Urbana-Champaign, IL, and 
the USDA Agricultural Research Service, Logan, UT.  For purposes of the pathogen survey, we 
collected bumble bee specimens from 284 sites throughout the United States over a period of 
three years. These surveys were conducted from June to September in the years 2007, 2008 and 
2009; I was actively involved in the collection of midwestern bumble bees in 2008. The 
distribution of bumble bee species in the US is approximately split along the 104
th
 longitude W, 
separating the eastern and western species for this survey. A few species, B. fervidus, B. 
griseocollis and B. nevadensis, appear in both ranges. Western species were collected from all 
US states west of, and including, Colorado; the 2007 season was, however, limited to the states 
California, Nevada, Oregon and Utah. No samples were obtained from New Mexico and 
Arizona. The Eastern survey was conducted in 2008 and 2009, and the geographic range east of 
Indiana and southeast of Missouri and Arkansas was sampled once, during a three-week 
collection effort in July 2009. The states Delaware, Florida, Maryland, Michigan, New 
Hampshire, New Jersey and Rhode Island were not visited. Collection sites were chosen to 
evenly reflect the historical range of the target species. A “population” was designated as the 
group of bumble bees of a particular species found foraging at a particular site. All sites sampled 
were greater than 2 kilometers apart. 
Six bumble bee species were chosen to compare pathogen presence and levels in declin-
ing versus stable species. The targeted western US bumble bee species were B. occidentalis, B. 
bifarius, and B. vosnesenskii. The eastern target species were B. pensylvanicus, B. impatiens, and 
B. bimaculatus. Both B. pensylvanicus and B. occidentalis are currently considered to be 
declining species; the others are considered to be stable in their distribution. The most commonly 
collected non-target species were B. mixtus in the western US, and B. griseocollis in the eastern 
US. 
Teams of 2-4 researchers collected bees during 30-minute time periods in each site. 
Bumble bees were collected from flowers or while in flight with aerial nets. Bees were placed 
into plastic vials and chilled on ice for in-field species and caste identification. Abundance data 
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was recorded. Workers and drones of targeted species were stored for further analysis and 
queens were generally released to minimize effects of collecting on local populations. In an 
attempt to collect at least 60 of each target species to evaluate pathogen presence and prevalence, 
we then collected additional specimens of each species until we reached this goal when possible. 
If the most abundant species at a site was not a target species, collected specimens were stored 
and not released; however, no additional specimens of these species were collected. Bumble bees 
were labeled and stored in liquid nitrogen during the collection trips. These specimens were then 
transferred into a -80°C freezer where they remained until evaluated. 
In some cases, species identification of the bumble bees was not possible in the field; 
these bees were likewise stored. Therefore, some individual non-target species were examined 
for pathogens. In addition, other species collected for studies of the US bumble bee diversity 
were evaluated, which resulted in collection of pathogen data on a greater number of species than 
anticipated. 
 
Pathogen screening 
Western specimens were dissected in the laboratory in Logan, UT, and the digestive tracts were 
shipped on dry ice to the insect pathogen laboratory at the University of Illinois. The eastern 
specimens were held in the laboratory at -80 °C and were thawed and dissected immediately 
before screening. 
The midgut tissues were removed from the abdomen of the bees; fresh tissue samples 
were smeared on glass slides and screened for pathogens using phase-contrast microscopy at 
400x magnification. Presence/absence of pathogens, as well as intensity of the microsporidian 
infection was determined by inspecting an area of 4 x 5 visual fields (20 visual fields per gut 
tissue smear) on a slide. For very light infections, or smears that were difficult to evaluate, 
additional gut tissue was prepared for repeated screenings. Screened, uninfected tissues were 
stored in 0.2 µl PCR tubes and frozen. Infected tissues were placed in 1.5 ml cryovials 
containing 30% glycerol and stored in liquid nitrogen for preservation (Maddox & Solter 1996). 
N. bombi infected samples were later used for inoculation experiments, species identification by 
PCR/Sequencing and calculation of infection intensity. 
To determine total production of mature N. bombi spores in the midgut of a host, the tissue was 
homogenized in a tissue grinder with 100 µl of water. After dilution, the spore count per 
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microliter was determined using a Petroff-Hauser hemocytometer. Strong infections were visible 
under the microscope as very dense layers of spores, while very light infections often contained 
less than 20 spores per slide. This variation in infection intensity was used to record average 
number of spores per visual field to represent infection intensity in the whole gut. Based on 
repeated spore counts of low, medium and heavily infected gut tissues determined by visual 
inspection, I defined the levels of infection intensity as follows: Low infection (<2 spores per 
visual field = 1-1000 spores/µl); Moderate infection (2-20 spores/visual field = 1,000-100,000 
spores/µl); High infection (>20 spores/visual field = >100,000 spores/per microliter). Inspection 
of a small piece of gut tissue may not represent variation in infection strength in different parts of 
the digestive system; however, as confirmed by numerous spore counts, this method is reliable 
enough to place infections into these relatively broad categories for comparative purposes. 
 
Genetics 
Using light microscopy for pathogen screening has the advantage that a variety of pathogen 
species can be recorded; however, there exists the possibility to miss very light microsporidian 
infections. I therefore screened a number of bumble bee populations by Polymerase Chain 
Reaction (PCR), to determine the number of missed infections per population as a measure of 
error probability.  
N. bombi DNA was extracted from infected midgut tissues using a modified Chelex ® 
100 method (Walsh et al. 1991). Small pieces of tissues approximately 2 mm in diameter were 
added to 150µl of 5% Chelex 100 resin (Bio-Rad, catalogue 143–2832) and 5µl proteinase K (20 
mg/ml). The sample was incubated at 55 °C for one hour, followed by 95 °C for 15 minutes to 
denature the enzyme. DNA was available in the supernatant after short centrifugation. Samples 
were stored at -20°C until needed.  
The PCR was carried out using a variety of oligonucleotide primers (Table 1). These 
primers amplified either the small subunit or the ITS region (including small flanking SSU and 
LSU regions) of the rRNA gene. PCR was performed in a Bio-Rad iCycler thermocycler. 
Reactions were generally performed with 25µl samples containing 4µl of DNA (nucelotide-free 
water was used as template for negative controls), 5µl of 5x Promega GoTaq flexi buffer, 2µl of 
25mM MgCl2, 0.5µl of dNTPs (10 mM each), 0.125µl of 5U Taq polymerase (Promega) and 2.5 
µl of each forward and reverse primer (2.5µM). The PCR parameters were: initial DNA template 
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denaturing at 95 °C for 3min, 35 cycles of denaturation at 95 °C for 45 seconds, primer 
annealing at the primers-specific temperature (Table 1) for 30 seconds and primer extension at 
72 °C for 90 seconds, followed by a final extension at 72 °C for 5min. 4µl of the DNA product 
were resolved on 1.5% agarose gel (1x TAE) and visualized using ethidium bromide staining.  
To determine the species of microsporidium in the gut, the PCR product was purified 
using the ExoSAP-IT clean-up method (Affymetrix, Inc.) and sequenced on an ABI 3730XL 
capillary sequencer at the University of Illinois Core Facility sequencing center. Resulting 
sequences were analyzed and aligned using the BioEdit sequence alignment editor (Hall 1999).  
To detect sequence fragment length polymorphisms in the internal transcribed spacer or 
single nucleotide polymorphisms, purified PCR products from the primer 1061f/580r were 
cloned using DH5α Escherichia coli and the vector pGEM-T Easy, following the Promega 
gGEM-T Easy Vector Systems instructions. Colonies with insertion were visualized on LB 
medium (Fischer) with added X-Gal/IPTG and were sequenced either randomly using the 
universal primer T7, or custom designed primers (L-ITS-f, SNP-ITS-f) were used to PCR select 
long variants for sequencing (using again the primer T7). Plasmid purification was performed 
using the QIAprep Spin Miniprep Kit (QIAGEN).  
Table 1: Oligonucleotide primers used during this study. All primers amplify Microsporidia rRNA, 
except: 
a
 Forward primer for large ITS variant (L1), 
b
 Forward primer for SNP in ITS (L8), 
c
 Primer set 
for trypanosomes (used for Crithidia sp.) 
 
Primer  Sequence (5'-3') Ta (°C) Exp. fragment 
size (bp) 
Source 
1061f GGTGGTGCATGGCCG 50 573 Weiss & Vossbrinck 1998 
228r GTTAGTTTCTTTTCCTCC   Vossbrinck et al. 1993 
ITSf2  GATATAAGTCGTAACATGGTTGCT 48 118 Tay et al. 2005 
ITSr2 CATCGTTATGGTATCCTATTGATC   Tay et al. 2005 
SSU-res-f1 GCCTGACGTAGACGCTATTC 56 400 Klee et al. 2007 
SSU-res-r1 GTATTACCGCGGCTGCTGG   Klee et al. 2007 
1061f GGTGGTGCATGGCCG 56 ~850 Weiss & Vossbrinck 1998 
580r GGTCCGTGTTTCAAGACGG   Baker et al. 1994 
L-ITS-f 
a
 GTATAAGTTTRTTTGTTTGTATGTCAT 58  custom 
SNP-ITS-f 
b
 GATCATAATCAGGAAGTATAAGTTTA 56  custom 
SEF 
c
 CTTTTGGTCGGTGGAGTGAT 60 417 Meeus et al, in press 
SER 
c
 GGACGTAATCGGCACAGTTT   Meeus et al, in press 
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Several C. bombi tissue samples were also sequenced. Molecular methods were identical 
to those for the extraction, amplification and sequencing of N. bombi. The primers used to 
amplify and sequence the 18s rRNA gene of C. bombi were SEF and SER (Table 1). 
 
Inoculation of bumble bees and susceptibility experiments 
Both commercial bumble bee colonies (B. impatiens from Koppert Systems) and field-collected 
individual bumble bees were used for bioassays to determine differential effects of the 
microsporidium among bumble bee species. Two types of inoculation were conducted: a) 
addition of infective spores to the general diet (pollen and honey water) of full colonies, and b) 
controlled individual feeding of honey water/spore suspension to adult workers.  
For the first inoculation method, young to medium-sized B. impatiens colonies (<40 
bees) were fed suspensions of  infective N. bombi spore suspensions isolated from field-collected 
specimens of B. pensylvanicus, either via fresh pollen or in honey water, alternately on a daily 
basis for 7 days. Spores from B. pensylvanicus hosts were chosen because of the lack of B. 
impatiens spores. In each case, 25 µl of spore suspension with approximately 750,000 spores/µl 
were applied to either the pollen ball or mixed with the honey water. Dead workers and feces 
were checked frequently for spores, and, if spores were present, the spore number per bee was 
determined. Mortality and unusual behaviors were recorded. If no dead bees were present, two to 
four individuals were killed and dissected to determine spore load approximately every 5 days. 
The experiment was terminated when the queen died. Remaining bees were screened for 
microsporidian infection. 
For the second inoculation method, field collected B. impatiens males and workers, 
commercially reared B. impatiens workers, as well as workers and males from spring queen-
reared B. huntii and B. occidentalis colonies were individually fed microsporidian spore 
suspensions. The bees were held in groups of 10-15 individuals in translucent plastic boxes 
(12x7.5x7.5 cm) with wire mesh floor and a honey feeder inserted through the top. Brood and 
cell material was added to the cages and they were held in a dark growth chamber at constant 
26°C. The bumble bees were starved for 3-4 hours prior to inoculation. Individual bees were 
caught with forceps and placed into a simple honey bee queen squeezer (Kearns & Thomson 
2001). When the bee had calmed, it was fed 2µl of spore suspension with one dosage of 1x10
5
, 
3x10
5
 or 5x10
5
 infective N. bombi spores and 8 µl of honey water using a 10 µl micropipette. If 
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the bee fed, it was labeled with honey bee queen labels and released back into the cage. Dead 
workers and feces were checked frequently for spores, and, if spores were present, the spore load 
per bee was determined. Mortality and unusual behaviors were recorded. After 20 days, the 
remaining bees were killed and screened for microsporidia. In addition, gut tissue samples from 
all inoculated specimens were washed in bleach, and DNA was extracted and amplified for 
control of the microscopy diagnosis by PCR.  
As control, a quarter of all experimental bumble bees were dissected and screened for 
microsporidia prior to experimental set up. Also, a group of 10 workers fed honey water without 
N. bombi spores, and kept in a plastic box as well, served as the control group for the duration of 
the individual experiment to compare survival. 
 
Statistics 
Statistical analysis for the survey was performed using Fisher’s Exact Test to detect differences 
in prevalence among categorical groups (bumble bee populations, castes, years, etc.) and a 
Generalized Linear Model analysis for weighted binomial proportion data to assess significant 
difference in relative prevalence among species, using R v2.10.1 (R Development Core Team 
2009). 
Population genetic analysis for sibship of infected B. pensylvanicus was performed by Dr. 
Jeffrey Lozier with custom designed microsatellites as molecular markers (J. Lozier, unpublished 
data).  
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RESULTS 
Pathogen diversity in bumble bee species 
From 2007 to 2009, 9,909 bumble bees from 36 species (518 western bumble bees in 2007; 
5,156 in 2008 and 4,235 in 2009 from western and eastern sites) were collected from 38 states 
across the continental United States. The midgut tissues of these specimens were screened for 
pathogens. Table 2 lists the total number of bees collected each year in the western and eastern 
US, as well as total numbers of pathogens found.  
The most common pathogens found were the microsporidium Nosema bombi and the 
trypanosome flagellate Crithidia bombi, present in 2.9% and 2.7% of all dissected specimens, 
respectively. Other pathogens included unidentified fungi and protozoa, saprophytic yeasts, 
bacteria, and metazoan parasites (nematodes and conopid fly larvae).  
Conopid fly larvae were only collected from the eastern bumble bee population; western 
bees were dissected in the field and only gut tissues were available for inspection. These were 
recovered from two bumble bee species, B. impatiens (46) and B. bimaculatus (11). Prevalence 
varied from 1 to 40%. 
Fungi were present in all target species in both the East and the West, but I was unable to 
identify them further. They appeared as either spores or hyphae, both of which were never very 
abundant and prevalence was generally low. Apicystis bombi, a protozoan commonly found 
 
Table 2: Total number of collected bumble bees in the eastern and western United States, and overall 
pathogen/parasite occurrence and prevalence. 
 West 2007 West 2008 West 2009 West Total East 2008 East 2009 East Total 
Collected bees 518 2775 1359 4652 2381 2876 5257 
Nosema bombi 54 79 26 159 83 48 131 
% Nosema bombi 10.42 2.85 1.91 3.42 3.49 1.67 2.49 
Crithidia bombi 5 62 72 139 31 100 131 
% Crithidia bombi 0.97 2.23 5.30 2.99 1.30 3.48 2.49 
Other Fungi 4 22 16 42 9 33 42 
% Fungi 0.77 0.79 1.18 0.90 0.38 1.15 0.80 
Other Protozoa 0 2 0 2 5 8 13 
% Protozoa 0.00 0.07 0.00 0.04 0.21 0.28 0.25 
Nematodes 0 6 0 6 1 1 2 
% Nematodes 0.00 0.22 0.00 0.13 0.04 0.03 0.04 
Conopidae - - - - 1 57 58 
% Conopidae - - - - 0.04 1.99 1.10 
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Table 3: Pathogen diversity in all collected bumble bee species from the eastern US and the western US. 
T, Total bees collected; N.b., Nosema bombi; C.b., Crithidia bombi; C, Conopidae. Other pathogens: A, 
Apicystis; F, other fungi; M, external mites; N, nematodes; P, other protozoa. 
 
EAST 2008 2009 TOTAL 
Species T N.b. C.b. C Other T N.b. C.b. C Other T N.b. C.b. C 
B. affinis 1 1 0 0   13 6 0 0 P 14 7 0 0 
B. auricomus 49 1 0 0   14 0 0 0 F 63 1 0 0 
B. bimaculatus 473 1 12 0 F, P 597 2 19 11 A, F, M, N 1070 3 31 11 
B. borealis 10 0 0 0    -  -  -  -   10 0 0 0 
B. centralis 55 0 0 0 F  -  -  -  -   55 0 0 0 
B. citrinus  -  -  -  -   1 0 0  -   1 0 0 0 
B. fervidus 16 0 0 0   20 9 1 0   36 9 1 0 
B. flavifrons 3 0 0 0    -  -  -  -   3 0 0 0 
B. fraternus 1 0 0 0   3 0 0 0   4 0 0 0 
B. griseocollis 408 2 0 0 N 49 0 0 0   457 2 0 0 
B. impatiens 933 16 16 0 F, P 1931 5 79 46 A, F, M, P 2864 21 95 46 
B. insularis 1 0 0 0    -  -  -  -   1 0 0 0 
B. nevadensis 39 0 0 0   1 0 0 0   40 0 0 0 
B. pensylvanicus 335 61 0 0 F 210 22 1 0 M 545 83 1 0 
B. perplexus  -  -  -  -   2 1 0  -   2 1 0 0 
B. rufocinctus 6 0 0 0   3 0 0 0   9 0 0 0 
B. ternarius 15 0 3 0    -  -  -  -   15 0 3 0 
B. terricola 1 1 0 0   31 2 0  -   32 3 0 0 
B. vagans 35 0 0 0   1 0 0  -   36 0 0 0 
TOTAL 2381 83 31 0   2876 47 100 57   5257 130 131 57 
 
WEST 2007 2008 2009 TOTAL 
Species T N.b. C.b. Other T N.b. C.b. Other T N.b. C.b. Other T N.b. C.b. 
B. appositus  -  -  -   60 0 0   10 0 0   70 0 0 
B. balteatus  -  -  -   18 0 0    -  -  -   18 0 0 
B. bifarius 215 3 4 F 1024 9 10 F, N, P 857 0 43 F 2096 12 57 
B. californicus 10 1 0   36 0 0 F 3 1 0   49 2 0 
B. caliginosus  -  -  -   5 0 0 F  -  -  -   5 0 0 
B. centralis 20 0 0   99 1 1 F 9 0 0   128 1 1 
B. fernaldae  -  -  -   25 1 0   2 0 0   27 1 0 
B. fervidus  -  -  -   18 0 0   1 0 0   19 0 0 
B. flavifrons  -  -  -   91 1 1   25 0 1   116 1 2 
B. frigidus  -  -  -    -  -  -   12 1 3 F 12 1 3 
B. griseocollis  -  -  -   18 0 0   1 0 0   19 0 0 
B. huntii 18 1 1   114 0 0 F 10 0 0   142 1 1 
B. insularis  -  -  -   68 3 0   14 0 0 F 82 3 0 
B. melanopygus  -  -  -   60 2 2 F 10 1 3   70 3 5 
B. mixtus 60 18 0   296 36 32 F 112 1 13 F 468 55 45 
B. morrisoni  -  -  -   1 0 0    -  -  -   1 0 0 
B. nevadensis  -  -  -   7 0 0   1 0 0   8 0 0 
B. occidentalis 27 26 0   56 18 1 F 89 20 3 F 172 64 4 
B. rufocinctus  -  -  -   113 1 0   8 0 0   121 1 0 
B. sitkensis  -  -  -   51 1 0 F  -  -  -   51 1 0 
B. suckleyi  -  -  -   2 1 0   2 0 0   4 1 0 
B. sylvicola  -  -  -   30 0 0   13 0 1   43 0 1 
B. vandykei  -  -  -   28 0 0 F  -  -  -   28 0 0 
B. vosnesenskii 168 5 0 F 555 5 15 F, P 180 2 5 F 903 12 20 
Total 518 54 5   2775 79 62   1359 26 72   4652 159 139 
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infecting bumble bees, was rarely recovered. Several unidentified flagellates could be found, but 
Crithidia bombi was the only one found in large numbers. Crithidia DNA from at least one 
individual of each of the targeted bumble bee species was sequenced (SSU rRNA); all were 
identified as C. bombi by comparison to European C. bombi isolates.  
Pathogen diversity by bumble bee species and total numbers of pathogens for each host 
species and collection year are shown in Table 3. 
 
Crithidia bombi  
C. bombi was recovered from 62 of 284 sites in 24 of the surveyed 38 states (Fig. 1a). Across all 
sites and years, 2.7% of the bumble bees were infected with C. bombi. Infection rate was similar 
in eastern and western bees (2.4% and 3%, respectively). The frequency of infection varied from 
year to year, increasing over the 3-year period of collection in the West and over the 2-year 
period that bees were collected in the eastern US (P<0.001, Fisher’s Exact Test).  
C. bombi was most commonly found in B. impatiens and B. bimaculatus in the east, and 
B. bifarius and B. mixtus in the West, but was present in ten other species, including the 
potentially declining B. pensylvanicus and B. occidentalis (Table 3). Total prevalence of C. 
bombi was significantly higher in B. mixtus than in the other western species (9.6%, P<0.01, 
Fisher’s Exact Test); it infected significantly more B. impatiens and B. bimaculatus than other 
eastern species (3.07% and 2.88%, respectively, P<0.001, Fisher’s Exact Test). Figure 2 shows 
prevalence of C. bombi in the target species, in addition to some selected non-target species. 
Significantly more C. bombi infections occurred in workers (N=237, P<0.05, Fisher’s 
Exact Test) than in males (N=16). One queen harbored the protozoon. 
Prevalence of C. bombi was relatively low in most bumble bee populations. The highest 
prevalence was recorded in a Californian population of B. mixtus with 22 of 68 individuals 
infected (32%). Prevalence was 26.7% in a B. impatiens population (N=45) by Highway 146 
near Shawnee National Forest, Illinois; near Nebraska, IN, 15 of a population of 167 bumble 
bees were infected (9%). C. bombi were occasionally observed in specimens that were also 
infected with N. bombi or parasitized by Conopidae; both the aforementioned California 
population and the population from Nebraska, IN, were infected with both N. bombi and C. 
bombi. Mixed infections within the same individual host occurred only at the Californian site.   
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Figure 1: United States maps with collection sites (grey circles) and pathogen occurrence per site. Circle 
size indicates pathogen density, i.e. larger circles are populations with higher pathogen occurrence. a 
Crithidia bombi occurrence in western species (grey), and eastern species (black). b Nosema bombi 
occurrence in  declining species (B. occidentalis, B. pensylvanicus, red), abundant species (B. bifarius, B. 
impatiens, blue), stable species (B.vosnesenskii, B. bimaculatus, green), and B. mixtus (orange). 
 
a 
b 
B. occidentalis B. pensylvanicus B. vosnesenskii B. bimaculatus 
B. bifarius B. impatiens B. mixtus 
Occurence of Nosema bombi 
 
None 
 
1-5 infections 
 
5-12 infections 
 
>12 infections 
Occurence of Crithidia bombi 
 
None 
 
1-5 infections 
 
5-12 infections 
 
>12 infections 
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Nosema bombi  
The only microsporidium recovered from North American bumble bees during this survey was 
Nosema bombi. Sequencing of representative individuals from nearly all populations revealed 
that the ITS region and/or small subunit of the rRNA gene were identical to those of European 
species (Tay et al. 2005). 
N. bombi was geographically widespread and occurred in 22 of 36 collected bumble bee 
species (Table 3). N. bombi infected bumble bee populations at 86 sites in 26 of 38 states, 
covering an area from New York to California (Fig. 1b). Microsporidia were not reported from 
bumble bees in Arkansas, Georgia, Kentucky, Massachusetts, North Dakota, Pennsylvania, 
South Carolina, Tennessee, Virginia, Vermont and Wyoming.  
 
Figure 2: Total prevalence of N. bombi (black bars) and C. bombi (grey bars) in four western (left) and 
eastern (right) bumble bee species. Numbers in parantheses indicate the total number of bees collected 
between 2007 and 2009.   
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Across all sites and years, the microsporidium was recovered from 2.9% of all surveyed 
bumble bees (2.1% in eastern species; 3.4% in western species), 289 infections out of the total of 
9,909 specimens. Frequency of infection varied across the years of the study, decreasing in both 
the East and the West (P<0.001, Fisher’s Exact Test). Prevalence was highest (10.4%) in the 
2007 western collection.  
The host species with highest prevalence were B. pensylvanicus in the east (83 of 548, 
15.2%), and B. occidentalis in the West (64 of 172, 37.2%). Significantly fewer infections were 
reported from other target species. The infection prevalence in eastern B. impatiens was 0.73% 
(21 of 2,867) and 0.28% (3 of 1,076) in B. bimaculatus (P<0.001, Binomial Regression/GLM); 
the infection prevalence was 0.57% (12 of 1096) in the western B. bifarius and 1.33% (12 of 
903) in B. vosnesenskii (P<0.001, Binomial Regression/GLM). Sufficiently large numbers of two 
other species were collected to compare prevalence with the target species. In the predominantly 
eastern B. griseocollis, 2 of 455 collected samples were infected with N. bombi (0.44%), and 55 
of 468 collected B. mixtus (11.75%), a species relatively common in the West, were infected. 
Although significantly fewer infections were recorded for B. mixtus than for B. occidentalis, 
there were significantly more infections observed in this species than in the abundant western 
species, B. bifarius and B. vosnesenskii (P<0.001, Binomial Regression/GLM). 
B. affinis is a bumble bee species that appears to have become very rare in the eastern 
United States, so rare that was difficult to find. We collected 14 B. affinis workers at five 
localities over the 2 year-period. Of these, 7 individuals from four different populations were 
infected with N. bombi. Due to the limited number of specimens, it is impossible to make 
statistical comparisons with the target species; nevertheless, B. affinis is included in Figure 2, 
which shows prevalence of N. bombi and C. bombi in all target species and the selected, 
abundant nontarget species. 
The majority of collected bees were workers. Of the eastern species, 2.5% of all workers 
(N=5,078) were infected with N. bombi, while infections were recorded from one male (N=351) 
and one queen (N=5). In the West, 2.4% of all workers (N=3,133), 3.6% of the males (N=752) 
and 4.3% (N=94) queens were infected. These differences were not significant (P>0.01, Fisher’s 
ExactTest).  
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Figure 3: Nosema bombi infected populations in the US. a Prevalence of N. bombi in four western (left) 
and eastern (right) bumble bee species. Circles represent individual populations, circle size is indicative 
of number of collected individuals at site. Letters above each species plot indicate species pairs with 
significantly different prevalence (different letters, P<0.001). b Bubble plot of surveyed sites for all 
collected species, circle size is indicative of total number of collected individuals of this species.  
 a           b           c           a          a†         a†         a†        b† 
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Population level prevalence of Nosema bombi  
Prevalence of N. bombi varied strongly across populations. Sometimes it was only possible to 
collect single individuals, which resulted in difficulty making comparisons with sites where 
higher numbers of bees were collected (>50). However, the number of sites from which 
infections were recovered does not take sample size into account. Figure 3a shows a bubble plot 
of the variation in prevalence at all sites for each of the eight species, relative to total numbers of 
bees collected at a site.  
Of the species for which specimens were collected at a minimum of 20 sites, N. bombi 
was present in B. pensylvanicus and B. occidentalis individuals at more than 40% of the sites 
(45.3% and 46.1%, respectively). For B. vosnesenskii, 10 of 28 sites included infected 
individuals (35.7%). The microsporidium was recorded from approximately 8% of populations 
of the most abundant species, B. impatiens and B. bifarius, collected at 131 and 88 sites, 
respectively. Three of 95 B. bimaculatus populations were infected (3.2%). While N. bombi 
occurred at significantly more sites for B. pensylvanicus than any other eastern species (P<0.001, 
Fisher’s Exact Test), the distribution of N. bombi at B. occidentalis sites was not significantly 
different from that of B. vosnesenskii (P=0.07, Fisher’s Exact Test). N. bombi occurred 
 
 
 Table 4: Total number of sites with N. bombi infected bumble bees, sorted by species. 
 
Species No. sites 
collected  
No. sites with infected 
bumble bees (%) 
Total No. bumble 
bees collected 
B. affinis 5 4 (80.00) 14 
B. bifarius 88 7 (7.96) 2096 
B. bimaculatus 95 3 (3.16) 1076 
B. centralis 33 1 (3.03) 128 
B. flavifrons 31 1 (3.23) 116 
B. griseocollis 43 2 (4.65) 455 
B. huntii 25 1 (4.00) 142 
B. impatiens 131 10 (7.63) 2867 
B. insularis 20 3 (15.00) 82 
B. mixtus 37 7 (18.92) 468 
B. occidentalis 39 18 (46.15) 172 
B. pensylvanicus 64 29 (45.31) 548 
B. terricola 9 2 (22.22) 32 
B. rufocinctus 22 1 (4.55) 121 
B. vosnesenskii 28 10 (35.71) 903 
 
 a           b           c           a          a†         a†         a†        b† 
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significantly less often in B. bifarius populations than in B. occidentalis or B. vosnesenskii 
(P<0.001, Fisher’s Exact Test). Of the five sites at which B. affinis was found, N. bombi was 
recovered from four. These data are presented in Figure 3b and Table 4. 
Because this research was part of a larger project that included population genetics for the 
same specimens used for the pathogen screening, I was able to determine the relationship among 
collected B. pensylvanicus workers. Infected bees were generally not sisters from the same 
colony, but rather represented a variety of colonies foraging at each collection site. There was a 
linear relationship between infected individuals and the diversity in colonies foraging at a site: 
The more infected bumble bees were collected at a given site, the higher the probability was that 
they came from different colonies (Fig. 4).  
 
Individual infections and infections strength 
An additional variable that is relevant to pathogen effects is relative intensity of infections. The 
number of spores present in a smear of midgut tissue on a microscope slide varied from one or 
two spores to several thousand. Infection intensity ranged from less than 1,000 spores/µl of 
 
 
 
Figure 4: Infection-colony relationship in infected B. pensylvanicus specimens, collected between 
2008 and 2009 (R²=0.88, P<0.001). 
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tissue suspension to 867,500 spores/µl (over 120 million spores per total gut volume, in a B. 
pensylvanicus from Nebraska). High intensity infections were much more common in the species 
B. pensylvanicus and B. occidentalis; spore counts for 38.6% and 64% of all infections in the two 
species, respectively, were higher than 100,000 spores/µl. With the exception of B. vosnesenskii, 
in which a third of all infections (4 of 12) were of high intensity, all other species had less than 
20% high intensity infections. I found no high level infections in B. bimaculatus and B. 
griseocollis (Fig. 5).  
The infective spores of Nosema bombi were slightly elongate and oval. Frequent obser-
vation of empty spores within the tissue smears indicated intracellular germination (Cali & 
Takvorian 1999). Under light microscopy (400x), they are identical in shape to those found in 
Europe (Fries et al. 2001). Slight variation of this shape could be found in the host B. mixtus, 
 
 
 
Figure 5: Infection intensity in four western (left) and four eastern (right) bumble bee species, i.e. 
proportion of infected individuals with heavy infection (black), medium infection (dark grey), and 
light infection (light grey). Numbers in parantheses indicate number of infected individuals. 
 (7) (55) (64) (12)   (3)  (2) (21) (83) 
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where the spores were more elongate, and in B. vosnesenskii, where the spores were slightly 
reniform. This occurred in several, but not all individuals inspected. These variations were not 
seen in any of the other infected bumble bee species. Sequencing of these variant spores revealed 
they were, indeed, Nosema bombi. 
 
A comment on diagnostics 
Because diagnosis of pathogens in of bumble bee gut tissues was done using light microscopy, 
there is room for error. Low-level infections were probably missed occasionally (Paxton 2008), 
as were exclusive infections of other tissues (Larsson 2007). My method was, however, effective 
for recording pathogen diversity and measuring N. bombi and C. bombi infection rates. The 
range of possible error rate was calculated by conducting DNA isolation and PCR on selected 
populations. I calculated that microscopic diagnostics missed an average of 5% of all low-level 
infections; in populations with generally low intensity but high prevalence the error rate could 
increase to 15%. 
 
Genetic variation 
Sequencing of sample specimens from microsporidia-infected populations revealed the pathogen 
to be Nosema bombi in all cases. There appeared, however, to be consistent noise on the raw 
sequencing trace data beginning in the ITS region, possibly indicating the presence of variance in 
 
 
Figure 6: N. bombi Ribosomal RNA (rRNA) gene with small subunit (SSU), internal transcribed spacer 
(ITS) and large subunit (LSU); two variants, short and long ITS with two or three GTTT repeats, 
respectively, and single nucleotide polymorphism (SNP) in second GTTT repeat. 
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this particular region. Figure 6 illustrates this phenomenon for the microsporidian DNA from a 
B. pensylvanicus host (from Missouri). This variation was consistent within most species, but 
varied among different species of bumble bees. B. affinis appeared to have two long variants, and 
half of the B. mixtus specimens had only a short variant. Table 5 lists the variation recorded from 
different species based purely on the raw sequencing trace data. I was unable to identify a long 
variant using cloning. All clones were from one of two specimens of B. pensylvanicus 
(IL08.0988) with trace data that indicated multiple alleles, yet all sequenced clones contained 
only the short allele. 
 
Differential susceptibility  
Colony inoculations 
During the course of the study, two commercial B. impatiens colonies were fed daily with N. 
bombi spores, while a third colony served as a control. No specimens of the control colony (a 
total of 87 bees) were infected. Of the two test colonies, none of the 81 dissected specimens (43 
and 38 individuals) acquired infections. No spores were found in feces from the nest. Mortality 
rate did not differ between the colonies. 
  
Table 5: Complete internal transcribed spacer variants from different N. bombi isolates, obtained 
from sequences of PCR amplified DNA products; primers used were 1061f/228r. Sorted by subgenus. 
S1, Short variant with single tetranucleotide repeat (GTTT)2; L1, Long variant with inserted 
tetranucleotide (GTTT)3; L8, Long variant with single nucleotide polymorphism in the second 
tetranucleotide cluster (GTTTATTTGTTT). See discussion for further detail. 
 
Host Subgenus S1 L1 L8 N Notes 
B. affinis Bombus x x   2 Presence of 2 variants, one  
    x   x 2   with SNP, one without 
B. occidentalis Bombus x x   8  
B. terricola Bombus x x   1  
B. griseocollis Cullumanobombus x   x 2  
B. impatiens Pyrobombus x   x 1  
B. mixtus Pyrobombus x x   3 Presence of 2 variants (50:50   
    x     3   ratio), one without long variant 
B. vagans Pyrobombus x   x 1  
B. fervidus Thoracobombus x   x 2  
B. pensylvanicus Thoracobombus x   x 15  
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Individual inoculations 
Of 37 inoculated B. impatiens workers, 36 were uninfected. PCR detected N. bombi spores in the 
gut of one B. impatiens worker; microscopy did not reveal a detectable infection in the tissues 
this specimen. It is possible that ingested spores in gut lumen were detected by PCR. 
Forty-two B. occidentalis and 26 B. huntii were fed spore suspensions. None of the 
inoculated B. huntii bees developed an N. bombi infection during the course of the experiment. 
Two male B. occidentalis individuals were found to have moderate infections of N. bombi. The 
results are not significant (P=0.52, Fisher’s Exact Test). 
Although no inoculations of C. bombi were made, the pathogen was found in eight B. 
huntii and six B. occidentalis. Two of the B. occidentalis control bees were also found to be 
infected with C. bombi No pathogens were found in B. huntii control bees. 
Because bumble bees were given brood cells into their cages to increase the probability 
of natural behavior, five callow bees emerged from B. occidentalis cells during the course of the 
experiment. Two callows emerged from B. huntii cells in the same time period. These newly 
emergent adults were not infected. 
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DISCUSSION 
This thesis reports results from a portion of a larger project that investigated different potential 
factors of bumble bee decline, including past and present abundance, range variation, genetic 
heterozygosity, and the role of pathogens. Understanding the relationship between pathogens and 
their hosts is important, particularly for an ecologically and economically valuable pollinator. 
The extensive pathogen survey indicated that Nosema bombi and the trypanosome flagellate 
Crithidia bombi were the most common pathogens present in bumble bee populations across the 
United States. Prevalence of these pathogens varied across sites and was higher in some bumble 
bee populations in particular. Some populations at sites in Indiana and California were infected 
with both C. bombi and N. bombi; in a few cases, mixed infections were found in individual 
bees. Generally, however, the pathogens seemed to infect different species and were rarely 
present at the same localities.  
Of the other pathogens found in this study, none appeared in comparably large numbers. 
While unidentified fungi were at times more abundant at individual sites, they commonly 
occurred in only one or two bees in a population. Some of these fungi might also be saprophytic 
and developed after the bee was killed, as was the case for some specimens in which bacteria had 
reproduced by the time they were dissected. Parasitism by dipteran larvae in the family 
Conopidae was quite common and parasitized bees were very abundant in some populations. 
Shykoff & Schmid-Hempel (1991a) found that 20% of all inspected bumble bees from 
populations of Switzerland were parasitized by conopid larvae. Generally, prevalence of conopid 
larvae was lower in US bumble bees, an average of 1%, but higher prevalence was observed in 
several sites. Several live field-collected bees were brought into the laboratory and maintained in 
plastic boxes, but most individuals died within a few days. Observations of the bees’ behavior 
shortly before death indicated that they were parasitized by the fly; the bees rarely flew but 
tumbled and flailed their legs on the floor of the cages (The Fly 2009 [YouTube video]). It is 
likely that the actual parasitization rate in bumble bees was much higher than it was observed 
here. For logistic reasons, only specific tissues could be inspected for parasites (see Methods). I 
was unable to identify the conopids to species, but morphology suggested that most were in the 
genus Physocephala (Joel Gibson, Carleton University, personal communication). 
The neogregarine Apicystis sp., which is usually a common pathogen of bumble bees, 
was very rarely found in this survey, likely because the oocysts are most common in fat body 
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tissues rather than in the midgut (Lipa & Trigianni 1996). As I limited inspection to gut tissues, 
actual infection rate from A. bombi is unknown and its effect on North American bumble bee 
populations cannot be determined from the data presented here. 
Thorp (2008) hypothesized that commercial bumble bees from Europe were the source of 
pathogens that were disseminated into wild populations by escaped bees. Bumble bees used in 
greenhouses commonly escape and forage on native plants rather than the greenhouse crops 
(Whittington et al. 2004, Ings et al. 2010), however even if pathogens escape, there are multiple 
steps involved before it establishes in a new host species. Such occurrences are generally rare 
and made more difficult by environmental factors, physiological and ecological host specificity, 
the density of infective agents, host density and the form of transmission (Anderson & May 
1981, 1986, Dwyer 1991, Solter et al. 2000, Boots et al. 2009). While Crithidia bombi apparently 
can be horizontally transmitted via feces from infected individuals deposited on flowers 
(Schmid-Hempel & Schmid-Hempel 1993, Durrer & Schmid-Hempel 1994), little is known 
about the transmission of N. bombi. Colla et al. (2006) and Otterstatter & Thomson (2008) 
therefore focused on studies of C. bombi as an escaped pathogen rather than on the 
microsporidium.  
 
Crithidia bombi and the pathogen spillover hypothesis 
Colla et al. (2006) reported higher C. bombi prevalence near greenhouses than at more distant 
sites. While 11% and 27% of bees were infected at the two greenhouse sites they examined, two 
of the three sites with highest C. bombi prevalence, 18% and 24%, in my study were more than 
16 miles from the nearest greenhouses, indicating that C. bombi is present and can be very 
abundant in natural bumble bee populations. In contrast, no C. bombi infections were recovered 
from populations in areas of high greenhouse concentration like the greater Chicago area in 
Northern Illinois. In surveys of bumble bee pathogens and parasites in Switzerland, C. bombi 
was the most abundant pathogen in natural bumble bee populations (Shykoff & Schmid-Hempel 
1991a, Korner & Schmid-Hempel 2005). While prevalence in some species was much higher 
(80% in B. terrestris workers) than in any of their North American relatives, these researchers 
also found strong variation in prevalence among species. In the US, B. mixtus, a relatively 
abundant species that ranges from the west coast to Colorado, appears to be the most susceptible 
species. C. bombi was also most common in the abundant species in the East, B. impatiens and B. 
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bimaculatus. Because many pathogens are host density dependent (Watanabe 1987), long-term 
observations of local bumble bee population dynamics and interactions with natural enemies are 
necessary to determine which pathogens, if any, impact local populations. Without further 
information on susceptibility, transmission and deleterious effects of the pathogens, drawing 
conclusions from prevalence data is problematic.  
It is also important to consider natural pathogen dynamics. Colla et al. (2006) analyzed 
pooled data from two years and 12 different host species. My research indicates that C. bombi is 
more prevalent in some species than in others, while pathogen prevalence varies year-to-year. 
Colla et al. did not find C. bombi in bees at sites distant from greenhouse sites, but, in my 
surveys, C. bombi was present at only a quarter of all sites, and usually in low numbers of hosts, 
suggesting that small sample sizes could preclude detection of this pathogen. This does not mean 
that C. bombi cannot “spill over” from high prevalence greenhouse bumble bee populations; but 
caution should be taken in interpreting the result of pathogen data from small sample sizes. 
Pathogen-host interactions are complex systems that are difficult to generalize. Transmission 
may occur relatively rarely and large-scale epizootics of C. bombi or N. bombi, as predicted for 
C. bombi in the model by Otterstatter & Thomson (2008), have not been reported to occur in the 
field. 
 
Nosema bombi – a native or introduced pathogen? 
The microsporidium Nosema bombi has recently received much attention because it was found in 
commercial colonies of B. occidentalis shortly before commercial rearing of this species was 
abandoned (Velthuis & Van Doorn 2006). It has commonly been present in commercial bee 
populations (Whittington & Winston 2003) but little data is available on its distribution in natural 
populations in the US (Solter & Cameron 2007, Sokolova 2010). 
My results show that, like C. bombi, there is differential prevalence of N. bombi among 
bumble bee host species. Interestingly, of the host species we targeted, N. bombi was most 
common in the two species that were chosen because they are possibly declining in range and 
numbers. The highest prevalence was found in B. occidentalis; 37% of all collected bees were 
infected, a value significantly higher than the overall mean of 3.4% across all bumble bee 
species. With the exception of the near extinct B. franklini, B. occidentalis is apparently the 
western species with most substantial change in distribution over the past two decades. It was the 
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least abundant of the target species in the survey. We frequently collected very few bees per site 
(Figure 3a) and never as many as B. bifarius. The average number of B. occidentalis bees 
collected per site was 5; in comparison, we collected an average of 24 B. bifarius bees per site. 
At least one infected individual was collected from nearly half the sites (46.1%) at which B. 
occidentalis was present, and these infections were generally more intense in B. occidentalis than 
in other species. Two thirds of all infected B. occidentalis contained more than 100,000 spores 
per microliter of gut tissue volume. High prevalences of N. bombi were also recorded from B. 
pensylvanicus. The microsporidium was present at half the sites where B. pensylvanicus was 
collected. 38% of these had more than 100,000 spores/µl gut volume; some individuals even 
reached a million spores per microliter.  
In B.mixtus, B.bifarius and B. impatiens, 20% or less of all infections reached high 
intensity levels (Fig. 5). Prevalence of N. bombi was generally lower in the other target bumble 
bee species, as well. Prevalence of B. impatiens and B. bimaculatus in the East, and B. bifarius 
and B. vosnesenskii in the West, was approximately 1%. While more than 10% of all B. mixtus 
were infected with N. bombi, high prevalence was recorded primarily from two collections (2007 
and 2008) of one population from Indian Creek, CA. The overall prevalence in B. mixtus was 
2.6% in all other sites combined, illustrating the variation in pathogen density in a single host 
species among different sites. Prevalence was also high in the rarely collected B. affinis; 8 of 14 
bees collected in two seasons were infected. B. affinis has become so rare in the eastern US that 
it is now difficult to find. Although such high prevalence in a rarely collected host is suggestive 
of higher susceptibility, no assumptions can be made for impacts on the host from this small data 
set.  
My data suggests a correlation between pathogen prevalence and the decline of two 
bumble bee species (three, if B. affinis is included); however, the situation appears to be complex 
and not necessarily explained by the pathogen spillover hypothesis. If commercial bees have 
introduced a novel pathogen to the US, a distribution radiating from areas of heavy commercial 
bumble bee use would be expected (Elkinton et al. 1991). Yet N. bombi was found in North 
American bumble bees as early as the 1940s (Fantham et al. 1941, Macfarlane 1974), long before 
bumble bees were commercially reared in the US for horticultural purposes, and in this study N. 
bombi was recovered from numerous bumble bee species from across most of the United States 
and in relatively high prevalence at many sites throughout the Midwest and West. Despite 
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collecting in limited numbers of sites in each state, there are few states where the microsporidi-
um was not recovered (Fig. 1b). The evidently low natural enzootic prevalence in most species, 
and the lack of transmission to adults (Rutrecht et al. 2007, Rutrecht & Brown 2008), suggest 
that the pathogen would not have spread so widely across a continent in 20 years. Moreover, if 
the pathogen was introduced by way of commercial B. occidentalis and B. impatiens, the 
probable way to explain such widespread distribution was if there were separate introductions 
via B. occidentalis in the West, and via B. impatiens in the East, because APHIS restricted 
importation of B. occidentalis as a commercial pollinator to only western states (Flanders et al. 
2003). N. bombi was rarely recovered from B. impatiens populations and prevalence was always 
low. Bombus impatiens is currently the only bumble bee species commercially reared in the US. 
Possible explanations are low susceptibility or atypical effects such that individuals die quickly 
(possibly as larvae) and were not found in our survey. In either case, B. impatiens may be an 
unlikely candidate for transmission of the pathogen to other bumble bee species.   
While the possibility that a more virulent and infective N. bombi strain was introduced 
from Europe in commercially reared bees cannot be excluded based on the available data, it is 
also unlikely that a new isolate could quickly invade bumble bee populations throughout North 
America. N. bombi is not a particularly virulent pathogen, and indeed, most microsporidia are 
chronic pathogens (Becnel & Andreadis 1999). While infection can reduce colony growth in 
some bumble bee species (Rutrecht & Brown 2009) and have an effect on reproduction and 
therefore functional fitness of gynes (Otti & Schmid-Hempel 2007), questions remain about 
whether N. bombi is likely to cause serious decline of multiple species in a relatively short time. 
Brown et al. (2003) showed that even a relatively benign pathogen can have dramatic impact on 
its host, given certain circumstances, e.g. life period or environmentally stressful influences. 
Still, such dramatic impact would not lead to population declines if the pathogen is adapted to its 
host. An  invasive pathogen may be able to cause this decimation because it has not evolved with 
the host to form stable population cycles, but as yet we have no evidence that N. bombi, a 
pathogen that was shown to be a generalist in Europe, has the potential to cause such epizootics 
in bumble bees.   
There is molecular evidence of variation between the European N. bombi and some of the 
North American isolates. While the rRNA region is identical to European N. bombi, the allelic 
variations in the ITS region differ slightly. As illustrated in Table 5, most species possess both a 
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short and a long variant of the ITS region. N. bombi isolated from B. mixtus is an exception in 
that half of the sequenced individuals appeared to have only a short variant. Based on sequencing 
trace data, the long variant appears to be generally less common whereas in Europe both variants 
appeared in equal proportions (O’Mahony et al. 2007). While no species specific ITS variation 
was found in Europe, this particular insertion of a GTTT tetranucleotide is common in 
microsporidia and has been used to distinguish isolates from different hosts in other 
microsporidian species (Didier et al. 1995). Also, and possibly more importantly, there appears 
to be a single nucleotide polymorphism in the ITS region that has not been documented in a 
European species. A guanine-adenine transition in the second tetranucleotide repeat occurs in 
isolates from a number of host species. This is consistent for all sequenced B. pensylvanicus 
isolates (N=15). It was not present in isolates from B. occidentalis (N=8). With the exception of 
B. affinis, individuals of which appeared to have one or the other sequence (N=4), isolates from 
all other host species either contained the SNP (L8), or they did not (L1). While it is not 
confirmed whether the SNP is restricted to the long or the short variant, no polymorphisms were 
found in the (GTTT) regions of the short variant in European bumble bees (O’Mahony et al. 
2007, O’Mahony 2008). Further research is necessary to determine if this is also the case here; I 
am employing the abbreviation L8 in relation the previous work by O’Mahony et al. to refer to 
the new variant with a SNP.  
The L1 variant is more common in species of the subgenus Bombus sensu stricto, while 
the novel L8 variant appears more common in the other subgenera. L1 is most common in the 
European species B. terrestris (O’Mahony 2008), the species implicated in the pathogen 
spillover hypothesis. In addition, while the results are not significant, B. occidentalis was the 
only species for which I managed to infect adult bees in susceptibility studies. Two of the 
inoculated 42 males and workers developed a moderate infection.  
The susceptibility experiments also confirmed the difficulties in infecting adult bumble 
bees in general (Rutrecht et al. 2007, Otti 2008). Dwyer (1995) developed a model showing a 
reduced chance of stable cycles for annual hosts with an immune host class, in this case, adults. 
He argues that the only way for a pathogen to survive is if transmission is not a linear function of 
pathogen density. This is likely the case for N. bombi because spatially and temporarily there 
appears to be heterogeneity in susceptibility to the pathogen, not only among species but also 
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among life stages. This could explain the success of long-term survival despite relatively low 
infection rates in most populations (Dwyer et al. 1997, D’Amico et al. 2005).  
 
Hypotheses for the role of N. bombi in decline of US bumble bees 
While there is some indication of variation among N. bombi isolates, and strong suggestion of a 
correlation between declining species and N. bombi, there is still a lack of concrete information 
on the role of N. bombi in the population dynamics of North American bumble bees. N. bombi 
was reported in North American bees before commercial rearing and putative exposure to 
infected European bees (Fantham et al. 1941, Macfarlane 1974). While we know now that N. 
bombi is common in some North American wild bumble bee populations across the continent, 
we do not know if B. occidentalis and B. pensylvanicus are more susceptible to the 
microsporidium than other bumble bee species. The data emerging from this study indicate that 
prevalence is higher and the pathogen occurs in a higher percentage of populations for some 
species (B. occidentalis, B. pensylvanicus, B. affinis and B. mixtus), which may suggest higher 
susceptibility to the microsporidium. There is no published data on the effects of N. bombi on the 
North American host species. We do not know if a new isolate of N. bombi has been introduced 
in recent years. Even in its European environment, susceptibility to N. bombi varies among 
species. Schmid-Hempel & Loosli (1998) showed less susceptibility to N. bombi spores for B. 
lapidarius and B. hypnorum than for its host, B. terrestris. All species in this experiment were 
from different subgenera, with B. terrestris belonging to the subgenus Bombus sensu strico, B. 
hypnorum to Pyrobombus and B. lapidarius to Melanobombus. Unfortunately, no cross 
infections were performed in these experiments so we know very little about host specificity in 
N. bombi. If there are N. bombi isolates infecting one particular subgenus, there is currently only 
the evidence provided by Schmid-Hempel & Loosli (1998) to support this contention. 
Finding that prevalence correlates with declining species status does not necessarily 
indicate cause and effect. Other factors can influence pathogen density, e.g. host density, host 
behavior, abiotic factors like temperature and humidity and transmission/dispersal (Tanada & 
Fuxa 1987). Some species of microsporidia reach very high levels in their natural host before 
effects on the host population occur, others rarely occur in high prevalence. It is possible that 
other pathogens present in the host populations could synergize microsporidian infections (Bauer 
et al. 1998) I did not find consistently large numbers of pathogens other than N. bombi and C. 
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bombi but some pathogens with detrimental effects on their hosts, e.g. Apicystis bombi, occur in 
tissues other than the gut tissue I examined. A group of pathogens that could not be covered at all 
in this study are viruses, most of which are not detectable with light microscopy even if present 
at high levels. Some viruses have acute effects on insect hosts (Bailey 1976), but there is little 
information on virus identity or load in North American bumble bees. Detection methods are 
currently being developed for honey bee viruses, some of which have been found in bumble bees 
(Genersch et al. 2006). 
In the preface to his book “Bumblebee Economics” Heinrich (2004) stated that, for bees, 
time is honey. Much more importantly for host-pathogen interactions, time is a critical 
component in the relationship between pathogens and their bumble bee hosts. There has been no 
research into the temporal interactions between bumble bees and their pathogens in North 
America. My survey covered a temporal snapshot of three seasons. To determine whether 
prevalence fluctuations of any pathogen are correlated with population fluctuations of the host, 
much more time is needed. Bumble bee populations vary from year to year, due to factors such 
as climatic variation, food supply, predation, parasitism, disease, anthropological interference or 
other environmental factors that lead to short-term colony decline or relocation (Bohart & 
Knowlton 1952, Holm 1966). Thorp (2008) observed several species in sites in California and 
Oregon over a time period of 10 years and found corresponding yearly fluctuations for 
populations of B. bifarius, B. vosnesenskii and B. californicus. 
It is conceivable that N. bombi is involved in bumble bee decline, possibly on a local 
scale, such as that represented by the decreasing range of B. occidentalis in California, rather 
than in a continent-wide effect on all species. Whether N. bombi was in part responsible for the 
disappearance of B. franklini is unknown because Nosema has never been associated with B. 
franklini, and whether it was at all susceptible to the microsporidium will probably remain 
speculation because B. franklini is likely extinct. 
A more plausible effect on bumble bee populations is an association between susceptibil-
ity to N. bombi and other factors. Northern Illinois has undergone major urbanization over the 
past century (Fitzpatrick et al. 2004), and climate variation could explain broad geographic 
changes in bumble bee ranges (Williams et al. 2007). Microsporidia infection may add to such 
energetic stresses (Mayack & Naug 2009). Multiple factors for decreases of bumble bee 
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populations may be more probable than a single cause, as has been shown in the United 
Kingdom (Goulson et al. 2005, Williams & Osborne 2009). 
N. bombi and C. bombi are known to have deleterious effects on the health of their hosts, 
and both have been the focus of the “pathogen spillover hypothesis.” Recent reports on bumble 
bee decline in the North America have given the impression that pathogens are a key factor in 
the reduction of bee diversity. The results of this project, however, show that both pathogens are 
not only common in bumble bees, but also occur over most of the continental United States. 
Differences in prevalence alone are not sufficient to explain a species decline. The question 
remains whether these pathogens are affecting some bumble bee species sufficiently to render 
them more susceptible candidates for population declines. The significantly higher prevalence of 
N. bombi in declining species certainly suggests this potential. The strong correlation between 
declining species and microsporidia suggests that these species could be under more stress than 
other species, but the reason for the stronger presence of N. bombi in these species is still 
uncertain. Whatever the ultimate causes of a decline may be, pathogen loads like those recorded 
in this survey are likely to be detrimental to already declining bumble bees. 
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CONCLUSIONS 
Time is a crucial component in studies of pathogen-host interactions and impacts of natural 
enemies on host populations. Most surveys of pathogens in North American bumble bees were 
limited to three years or less and, therefore, reported temporally biased distribution of pathogens. 
Long-term surveys are needed to determine the population effects of relationships between N. 
bombi and the North American bumble bee species it infects. By covering a large geographical 
area over a time period of three seasons, I was able to determine where and in what bumble bee 
species N. bombi (as well as, C. bombi) occurs, yet, we learned little about the role that the 
pathogens play in bumble bee population dynamics. To determine impacts of pathogens on 
native Bombus species, we will need to do at least two things:  
1) A systematic survey of several local bee populations over a period of no 
less than ten years, recording population fluctuations in the Bombus species throughout 
the season and over seasons. Fluctuations in pathogen presence and prevalence need to be 
assessed by conducting multiple sampling events per year. A number of queens should be 
diagnosed at the end and the beginning of a year to determine pathogen load in Spring 
and Fall queens. This is essential to better understand some transmission dynamics, 
which, at this point, have only been studied for within the colony.  
2) Susceptibility of bumble bees to pathogens should be determined in the la-
boratory. It is suggested that a number of Spring queens are caught at the beginning of a 
season and workers are reared in the laboratory for use in differential susceptibility 
experiments. Queens or young colonies can be inoculated individually, using methods 
similar to those of Otti & Schmid-Hempel (2007, 2008).  
Long-term projects of this nature could provide valuable information about the effect of 
microsporidia on native bumble bees; they are necessary because prevalence data does not 
explain how N. bombi impacts a population. Resistant bees can perform well despite high 
infection rates, whereas a particularly susceptible species with a very narrow niche may be 
sufficiently stressed by a variety of factors for some queens to fail in the founding of new 
colonies. 
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Another issue that needs to be addressed is the biogeography of microsporidia. The 
genome of Enzephalitozoon cuniculi is sequenced (Katinka et al. 2001); several other 
microsporidian genomes will likely be sequenced in the near future. The presence of two nuclei 
in N. ceranae has posed difficulties in analyzing the genomic sequences (Cornman et al. 2009), 
and may deter the choice of N. bombi for genome projects in the near future. However, with 
detailed genomic knowledge it will become easier to track the distribution of microsporidia 
across the globe. While N. bombi appears to be a generalist, at least within the genus Bombus, 
the genetic variation found in this study indicates that there might be much knowledge to be 
gained from understanding differences in effects on different host species. Microsporidia are 
possibly derived from the earliest fungal ancestors (James et al. 2006), which makes them an 
interesting target for population genetics, and because N. bombi has received much attention 
through its association with a commercially valuable insect, it is an important organism that 
should be studied in relation to bumble bee conservation. 
 
It should be emphasized that the findings in this study do not confirm the “Pathogen Spillover 
Hypothesis” posed by Thorp (2008). Rather, they should encourage further research into the role 
N. bombi plays in bumble bee populations. That prevalence was higher in species that we 
targeted as declining is immensely interesting and requires more attention. Bumble bees remain 
one of the most important pollinators globally, and if commercial trade or other human 
interference facilitates the transmission of a pathogen, no matter how benign, this should be 
addressed. As of now, we have no proof of the involvement of either N. bombi or C. bombi in 
bumble bee declines in North America, but this national survey provides baseline data and is the 
first step in determining what part these pathogens play in the distribution of bumble bee species 
in the US.  
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APPENDIX 
The following table includes all surveyed sites in this study, from 2007 to 2009. Occurrence and 
prevalence of N. bombi (N.b.) and C. bombi (C.b.) is given for each species. 
 
Species State Site Latitude Longitude Year Total N.b. % N.b. C.b. % C.b. 
affinis           
affinis IL Bluff Springs Fen (IL08.site11) 42.0154 -88.2642 2008 1 1 100.00 0 0.00 
affinis IL Bluff Springs Fen (IL09.site05) 42.0138 -88.2520 2009 2 2 100.00 0 0.00 
affinis IL Castle Rock S.P. (IL09.site04) 41.9783 -89.3570 2009 6 3 50.00 0 0.00 
affinis IL Jubilee College S.P. (IL09.site08) 40.8251 -89.8030 2009 3 2 66.67 0 0.00 
affinis IN East Indiana (Hwy 234) (IN09.site02) 39.9600 -87.0664 2009 2 0 0.00 0 0.00 
appositus           
appositus CO Mount Crested Butte 38.9186 -106.9599 2008 1 0 0.00 0 0.00 
appositus CO Nederland (Hwy 72) (CO08.site03) 40.0230 -105.5135 2008 2 0 0.00 0 0.00 
appositus ID Independence Lake 42.1988 -113.6670 2008 1 0 0.00 0 0.00 
appositus ID Riggins 45.5712 -116.3048 2008 1 0 0.00 0 0.00 
appositus MT Big Sky 45.0618 -111.2555 2008 5 0 0.00 0 0.00 
appositus NV Humboldt National Forest 40.6642 -115.4472 2008 1 0 0.00 0 0.00 
appositus OR Baker City 45.0065 -117.5794 2008 1 0 0.00 0 0.00 
appositus OR Mt Ashland 42.0835 -122.7306 2008 1 0 0.00 0 0.00 
appositus OR Mt. Ashland 42.0835 -122.7306 2009 1 0 0.00 0 0.00 
appositus OR Richland 44.9684 -117.4320 2008 1 0 0.00 0 0.00 
appositus OR Wallowa-Whitman N.F. 45.6997 -117.2947 2008 3 0 0.00 0 0.00 
appositus SD Deadwood (Hwy 14A) (SD08.site01) 44.3887 -103.6221 2008 7 0 0.00 0 0.00 
appositus UT Clear Creek 41.9491 -113.3495 2009 6 0 0.00 0 0.00 
appositus UT Guardsman Pass 40.6084 -111.5507 2008 3 0 0.00 0 0.00 
appositus UT Tony Grove 41.8936 -111.6436 2008 3 0 0.00 0 0.00 
appositus WA Anatone 46.1083 -117.2458 2008 4 0 0.00 0 0.00 
appositus WY Converse County (WY08.site03) 42.3620 -105.4376 2008 6 0 0.00 0 0.00 
appositus WY Grand Targhee Resort 43.7801 -110.9630 2008 5 0 0.00 0 0.00 
appositus WY Medicine Bow N.F. 41.3464 -106.1843 2009 3 0 0.00 0 0.00 
appositus WY Medicine Bow N.F. (WY08.site01) 41.3213 -106.1573 2008 2 0 0.00 0 0.00 
appositus WY Mutts Meadow 44.7603 -107.5948 2008 13 0 0.00 0 0.00 
auricomus           
auricomus IA Denison (US 30) (IA09.site01) 41.9911 -95.3928 2009 1 0 0.00 0 0.00 
auricomus IA Pella (Hwy 102) (IA09.site02) 41.4071 -92.8710 2009 1 0 0.00 0 0.00 
auricomus IL Chain O'Lakes State Park (IL08.site03) 42.4605 -88.1922 2008 1 0 0.00 0 0.00 
auricomus IL Hewitville (Hwy 48) (IL08.site13) 39.5248 -89.3284 2008 2 0 0.00 0 0.00 
auricomus IL Hewitville (Hwy 48) (IL09.site03) 39.5111 -89.3416 2009 1 0 0.00 0 0.00 
auricomus KS Cherokee (Hwy 400) (KS08.site05) 37.3394 -94.8313 2008 1 0 0.00 0 0.00 
auricomus KS Council Grove Lake (KS09.site03) 38.6872 -96.4928 2009 1 0 0.00 0 0.00 
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auricomus KS Williamstown (Hwy 59) (KS08.site01) 39.1443 -95.5016 2008 1 0 0.00 0 0.00 
auricomus MN Sakatah S.P. (MN08.site05) 44.2196 -93.2283 2008 7 0 0.00 0 0.00 
auricomus MO Atlanta (MO08.site07) 39.8987 -92.4737 2008 2 0 0.00 0 0.00 
auricomus MO Aurora (Hwy 60) (MO09.site03) 36.9619 -93.6843 2009 1 0 0.00 0 0.00 
auricomus MO Busch Conserv. Area (MO08.site01) 38.7097 -90.7490 2008 5 0 0.00 0 0.00 
auricomus MO Shaw Nature Reserve (MO08.site02) 38.4834 -90.8230 2008 14 0 0.00 0 0.00 
auricomus MO Shaw Nature Reserve (MO09.site01) 38.4682 -90.8174 2009 6 0 0.00 0 0.00 
auricomus MO Tucker Prairie (MO08.site05) 38.9490 -91.9898 2008 11 1 9.09 0 0.00 
auricomus NC Marian (US 221) (NC09.site05) 35.8935 -81.9367 2009 2 0 0.00 0 0.00 
auricomus NE Dannebrog (Hwy 11) (NE09.site01) 41.1255 -98.5542 2009 1 0 0.00 0 0.00 
auricomus NE Plattsmouth  (NE08.site02) 40.9998 -95.8726 2008 4 0 0.00 0 0.00 
auricomus SD Viborg (Hwy 19) (SD08.site05) 43.1921 -97.0808 2008 1 0 0.00 0 0.00 
balteatus           
balteatus CO Gothic 39.9948 -107.0588 2008 14 0 0.00 0 0.00 
balteatus WY Mutts Meadow 44.7603 -107.5948 2008 2 0 0.00 0 0.00 
balteatus WY Porcupine Falls 44.7595 -107.7414 2008 2 0 0.00 0 0.00 
bifarius           
bifarius CA Indian Creek Rd. 41.9658 -123.5029 2008 69 1 1.45 5 7.25 
bifarius CA Indian Creek Rd. 41.9658 -123.5029 2008 68 29 42.65 22 32.35 
bifarius CO Arapaho N.F. 39.9404 -105.5595 2009 50 0 0.00 6 12.00 
bifarius CO Crested Butte 38.8908 -106.9951 2008 28 11 39.29 0 0.00 
bifarius CO Crested Butte 38.9186 -106.9599 2008 1 0 0.00 0 0.00 
bifarius CO Daley Gulch (San Isabel N.F.) 38.8397 -105.9893 2009 20 0 0.00 0 0.00 
bifarius CO Estes Park 40.3918 -105.4876 2009 25 0 0.00 0 0.00 
bifarius CO Gothic 39.9948 -107.0588 2008 14 0 0.00 0 0.00 
bifarius CO Gothic 39.9948 -107.0588 2008 10 0 0.00 0 0.00 
bifarius CO Mount Crested Butte 38.9186 -106.9599 2008 33 0 0.00 0 0.00 
bifarius CO Mount Crested Butte 38.9186 -106.9599 2008 1 0 0.00 0 0.00 
bifarius CO Mount Crested Butte 38.9186 -106.9599 2009 32 0 0.00 0 0.00 
bifarius CO Nederland (Hwy 72) (CO08.site03) 40.0230 -105.5135 2008 46 0 0.00 0 0.00 
bifarius CO Oak Creek (San Isabel N.F.) 38.3014 -105.2567 2009 3 0 0.00 0 0.00 
bifarius CO Ouray 38.0131 -107.6840 2009 20 0 0.00 0 0.00 
bifarius CO Pike N.F. 38.7978 -104.8863 2009 6 0 0.00 0 0.00 
bifarius CO Pike N.F. (CO08.site01) 39.0837 -105.1047 2008 13 0 0.00 0 0.00 
bifarius CO Plat River Rd. (CO08.site02) 39.3775 -105.1725 2008 10 0 0.00 0 0.00 
bifarius CO Rd 67 (CO08.site04) 39.1559 -105.1559 2008 1 0 0.00 0 0.00 
bifarius CO Rocky Mountain N.P. 40.4304 -105.7338 2009 8 0 0.00 0 0.00 
bifarius CO Silverthorne 39.7184 -106.1513 2008 13 0 0.00 0 0.00 
bifarius CO Silverthorne 39.7184 -106.1513 2008 1 0 0.00 0 0.00 
bifarius CO Silverthorne 39.7184 -106.1513 2008 1 1 100.00 0 0.00 
bifarius CO Swanson Lake 38.3230 -107.4761 2009 28 0 0.00 2 7.10 
bifarius CO Uncompahgre N.F. 38.0017 -107.6943 2009 25 0 0.00 0 0.00 
bifarius ID Happy Gap Fork 48.2995 -116.7036 2009 11 0 0.00 1 9.10 
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bifarius ID Independence Lake 42.1988 -113.6670 2008 34 2 5.88 9 26.47 
bifarius ID Independence Lake 42.1988 -113.6670 2008 2 1 50.00 0 0.00 
bifarius ID Kanisku N.F. 48.8529 -116.2790 2009 38 0 0.00 9 23.70 
bifarius ID McCall 45.0028 -116.1589 2008 10 0 0.00 0 0.00 
bifarius ID New Meadows 44.9898 -116.1886 2008 11 0 0.00 0 0.00 
bifarius ID New Meadows 44.9898 -116.1886 2008 21 0 0.00 0 0.00 
bifarius ID New Meadows 44.9898 -116.1886 2008 1 1 100.00 0 0.00 
bifarius ID Riggins 45.5712 -116.3048 2008 7 0 0.00 0 0.00 
bifarius MT Beaverhead N.F. 44.7512 -111.2638 2009 12 0 0.00 0 0.00 
bifarius MT Big Sky 45.0618 -111.2555 2008 9 0 0.00 0 0.00 
bifarius MT Big Sky 45.0618 -111.2555 2008 6 0 0.00 0 0.00 
bifarius MT Bitteroot N. F. 45.6922 -113.9524 2009 20 0 0.00 1 5.00 
bifarius MT Clyde Park 45.8831 -110.6284 2009 4 0 0.00 0 0.00 
bifarius MT Como Lake 46.0676 -114.2485 2009 20 0 0.00 0 0.00 
bifarius MT Gallatin N.F. 45.2879 -110.5363 2009 16 0 0.00 0 0.00 
bifarius MT Hebgen Lake 44.7438 -111.2590 2008 19 0 0.00 1 5.26 
bifarius MT Hebgen Lake 44.7438 -111.2590 2008 32 0 0.00 9 28.13 
bifarius MT Hebgen Lake 44.7438 -111.2590 2008 7 2 28.57 0 0.00 
bifarius MT Hungry Horse Dam 48.3045 -113.9841 2009 19 0 0.00 0 0.00 
bifarius MT Lewis & Clark N.F. 46.8580 -110.6782 2009 17 0 0.00 2 11.80 
bifarius MT Lolo Hot Springs 46.7082 -114.5266 2009 19 0 0.00 1 5.30 
bifarius MT Lower Thompson Lake 48.0238 -115.0123 2009 14 0 0.00 0 0.00 
bifarius MT Montanapolis Springs 45.2879 -110.5363 2009 1 0 0.00 0 0.00 
bifarius MT Pintlar Lake 45.8387 -113.4375 2009 21 0 0.00 2 9.50 
bifarius ND Ft. Stevenson S.P. (ND08.site02) 47.5941 -101.4267 2008 9 0 0.00 0 0.00 
bifarius ND Hwy 83 (ND08.site01) 46.0140 -100.0683 2008 2 0 0.00 0 0.00 
bifarius ND North of Hwy 200 (ND08.site03) 47.4961 -100.8227 2008 2 0 0.00 0 0.00 
bifarius NV Humboldt National Forest 40.6642 -115.4472 2008 124 0 0.00 0 0.00 
bifarius NV Lamoille Canyon 1 40.6916 -115.4742 2007 50 1 2.00 0 0.00 
bifarius OR Baker City 45.0065 -117.5794 2008 46 0 0.00 0 0.00 
bifarius OR Baker City 45.0065 -117.5794 2008 1 0 0.00 0 0.00 
bifarius OR Bunker Hill 43.2717 -124.2616 2008 75 0 0.00 2 2.67 
bifarius OR Castle Point 42.9031 -122.3013 2009 33 0 0.00 2 6.10 
bifarius OR LaGrande 45.2128 -118.0278 2008 4 0 0.00 0 0.00 
bifarius OR LaGrande 45.2128 -118.0278 2008 3 0 0.00 0 0.00 
bifarius OR Lake of the Woods 42.3846 -122.2131 2007 67 1 1.49 0 0.00 
bifarius OR Lake of the Woods 42.3893 -122.2148 2008 51 1 1.96 0 0.00 
bifarius OR Lake of the Woods 42.3893 -122.2148 2008 49 0 0.00 5 10.20 
bifarius OR Lake of the Woods 42.3893 -122.2148 2008 56 0 0.00 0 0.00 
bifarius OR Lake of the Woods 42.3893 -122.2148 2008 5 0 0.00 1 20.00 
bifarius OR Lake of the Woods 42.3893 -122.2148 2009 61 0 0.00 4 6.60 
bifarius OR Lakeview 42.1836 -120.3490 2009 12 0 0.00 1 8.30 
bifarius OR Medical Springs 44.9684 -117.4320 2008 1 0 0.00 0 0.00 
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bifarius OR Mt Ashland 42.0835 -122.7306 2007 56 0 0.00 1 1.79 
bifarius OR Mt Ashland 42.0835 -122.7306 2008 61 5 8.20 0 0.00 
bifarius OR Mt Ashland 42.0835 -122.7306 2008 108 2 1.85 3 2.78 
bifarius OR Mt Ashland 42.0835 -122.7306 2008 4 0 0.00 0 0.00 
bifarius OR Mt Hood 45.3251 -121.6360 2008 53 0 0.00 0 0.00 
bifarius OR Mt Hood 45.3251 -121.6360 2008 6 0 0.00 0 0.00 
bifarius OR Mt Hood 45.3251 -121.6360 2008 8 0 0.00 0 0.00 
bifarius OR Mt. Ashland 42.0835 -122.7306 2009 11 0 0.00 1 9.10 
bifarius OR Mt. Ashland 42.0835 -122.7306 2009 61 0 0.00 0 0.00 
bifarius OR Mt. Hood N.F. 45.3259 -121.6600 2009 24 0 0.00 1 4.20 
bifarius OR Richland 44.9684 -117.4320 2008 28 0 0.00 0 0.00 
bifarius OR Richland 44.9684 -117.4320 2008 11 0 0.00 0 0.00 
bifarius OR Rogue River N.F. 42.0753 -122.7139 2009 8 0 0.00 0 0.00 
bifarius OR Selmak Lake 42.2621 -123.5851 2008 19 0 0.00 0 0.00 
bifarius OR Selmak Lake 42.2621 -123.5851 2008 2 0 0.00 0 0.00 
bifarius OR Sisters 44.2561 -121.6905 2008 5 0 0.00 0 0.00 
bifarius OR Sisters 44.2561 -121.6905 2008 123 0 0.00 0 0.00 
bifarius OR Tillamook State Forest 45.6196 -123.4220 2008 5 0 0.00 0 0.00 
bifarius OR Tillamook State Forest 45.6196 -123.4220 2008 3 1 33.33 0 0.00 
bifarius OR Wallowa-Whitman N.F. 45.6997 -117.2947 2008 19 0 0.00 0 0.00 
bifarius OR Wallowa-Whitman N.F. 45.6997 -117.2947 2008 13 0 0.00 1 7.69 
bifarius OR Wyeth 45.6910 -121.7656 2008 17 0 0.00 0 0.00 
bifarius OR Wyeth 45.6910 -121.7656 2008 1 0 0.00 0 0.00 
bifarius SD Deadwood (Hwy 14A) (SD08.site01) 44.3887 -103.6221 2008 16 0 0.00 0 0.00 
bifarius SD Hwy 385  (SD08.site02) 43.6644 -103.5894 2008 37 0 0.00 0 0.00 
bifarius UT Clear Creek 41.9491 -113.3495 2007 17 1 5.88 0 0.00 
bifarius UT Clear Creek 41.9491 -113.3495 2009 28 0 0.00 0 0.00 
bifarius UT Cyclone Lake 37.9737 -111.7241 2008 11 0 0.00 0 0.00 
bifarius UT Guardsman Pass 40.6084 -111.5507 2008 1 0 0.00 0 0.00 
bifarius UT One Mile Fork 41.9601 -113.4488 2007 25 0 0.00 3 12.00 
bifarius UT Park City 40.6084 -111.5507 2008 22 1 4.55 0 0.00 
bifarius UT Sheep Creek Lake 40.8836 -109.8066 2008 29 0 0.00 0 0.00 
bifarius UT Spirit Lake 40.8429 -109.9965 2008 12 0 0.00 0 0.00 
bifarius UT Spirit Lake 40.8429 -109.9965 2008 11 0 0.00 0 0.00 
bifarius UT Spirit Lake 40.8429 -109.9965 2008 4 0 0.00 0 0.00 
bifarius UT Tony Grove 41.8936 -111.6436 2008 60 0 0.00 0 0.00 
bifarius UT Tony Grove 41.8936 -111.6436 2008 2 0 0.00 0 0.00 
bifarius UT Tony Grove 41.8936 -111.6436 2008 3 1 33.33 0 0.00 
bifarius WA Anatone 46.1083 -117.2458 2008 25 0 0.00 0 0.00 
bifarius WA Cashmere 47.6376 -120.4418 2008 47 0 0.00 0 0.00 
bifarius WA Delphi 46.9606 -123.1023 2008 42 1 2.38 0 0.00 
bifarius WA Delphi 46.9606 -123.1023 2008 14 0 0.00 0 0.00 
bifarius WA Naselle 46.3613 -123.8153 2008 5 1 20.00 0 0.00 
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bifarius WA Okanogan N.F. 48.3930 -119.9032 2009 32 0 0.00 1 3.10 
bifarius WA Skokomish 47.3519 -123.3248 2008 42 1 2.38 0 0.00 
bifarius WA Skokomish 47.3519 -123.3248 2008 17 5 29.41 0 0.00 
bifarius WA Snoqualimie N.F. 46.6384 -121.3897 2009 33 0 0.00 3 9.10 
bifarius WA Stevens Pass 47.7460 -121.0880 2008 2 0 0.00 0 0.00 
bifarius WA Turtleback 48.6411 -122.9768 2009 17 0 0.00 0 0.00 
bifarius WA Umatilla N.F. 46.0934 -117.8767 2009 13 0 0.00 0 0.00 
bifarius WA Wallowa-Whitman N.F. 45.0063 -117.5168 2009 16 0 0.00 1 6.30 
bifarius WY Big Horn N.F. 44.1681 -107.2109 2009 3 0 0.00 0 0.00 
bifarius WY Cow Camp Spring (Big Horn N.F.) 44.3190 -106.9424 2009 9 0 0.00 0 0.00 
bifarius WY Frye Lake 42.7442 -108.8169 2009 4 0 0.00 0 0.00 
bifarius WY Grand Targhee Resort 43.7801 -110.9630 2008 64 0 0.00 0 0.00 
bifarius WY Grand Targhee Resort 43.7801 -110.9630 2008 1 0 0.00 0 0.00 
bifarius WY Highway 85 (WY08.site06) 44.1363 -104.1066 2008 9 0 0.00 0 0.00 
bifarius WY Medicine Bow N.F. 41.3464 -106.1843 2009 24 0 0.00 5 20.80 
bifarius WY Medicine Bow N.F. (WY08.site01) 41.3213 -106.1573 2008 42 0 0.00 0 0.00 
bifarius WY Medicine Mtn. 44.8023 -107.9004 2009 10 0 0.00 0 0.00 
bifarius WY Powder (Big Horn N.F.) 44.1649 -107.2138 2009 24 0 0.00 0 0.00 
bifarius WY Shoshone N.F. 42.7366 -108.8366 2009 5 0 0.00 0 0.00 
bifarius WY Sourdough Creek 44.2413 -106.9864 2008 23 0 0.00 0 0.00 
bifarius WY Sourdough Creek 44.2413 -106.9864 2008 1 0 0.00 0 0.00 
bimaculatus           
bimaculatus AL Six Mile (Rt. 25) (AL09.site04) 33.0452 -87.0059 2009 2 0 0.00 0 0.00 
bimaculatus AR Ozark N.F. (Hwy 16) (AR08.site01) 36.1015 -94.4352 2008 6 0 0.00 0 0.00 
bimaculatus CT Farmington River Trail (CT09.site01) 41.7664 -72.8995 2009 2 0 0.00 0 0.00 
bimaculatus CT Rockville (Hwy 83) (CT09.site02) 41.8609 -72.4831 2009 7 0 0.00 1 14.29 
bimaculatus GA Dean Lake (GA09.site03) 34.2657 -84.2724 2009 3 0 0.00 1 33.33 
bimaculatus GA Villanow (Hwy 136) (GA09.site01) 34.6786 -85.1274 2009 1 0 0.00 0 0.00 
bimaculatus IA Denison (US 30) (IA09.site01) 41.9911 -95.3928 2009 6 0 0.00 0 0.00 
bimaculatus IA Pella (Hwy 102) (IA09.site02) 41.4071 -92.8710 2009 22 0 0.00 0 0.00 
bimaculatus IA Sigourney (Hwy 92) (IA08.site01) 41.3361 -92.3366 2008 1 0 0.00 0 0.00 
bimaculatus IL Allerton Park (Entrance) (IL08.site05) 40.0077 -88.6448 2008 20 0 0.00 1 5.00 
bimaculatus IL Allerton Park (Statue) (IL09.site02) 40.0077 -88.6448 2009 22 0 0.00 0 0.00 
bimaculatus IL Allerton Park (Statute) (IL08.site06) 39.9936 -88.6671 2008 25 0 0.00 0 0.00 
bimaculatus IL ARS research site Peoria (IL08.site09) 40.9165 -89.8031 2008 3 0 0.00 0 0.00 
bimaculatus IL Bluff Springs Fen (IL09.site05) 42.0138 -88.2520 2009 5 0 0.00 0 0.00 
bimaculatus IL Castle Rock S.P. (IL09.site04) 41.9783 -89.3570 2009 20 0 0.00 3 15.00 
bimaculatus IL Castle Rock State Park (IL08.site02) 41.9783 -89.3570 2008 9 0 0.00 0 0.00 
bimaculatus IL Chain O'Lakes State Park (IL08.site03) 42.4605 -88.1922 2008 5 0 0.00 0 0.00 
bimaculatus IL Havanna (Hwy 78) (IL08.site08) 40.2533 -90.0879 2008 17 0 0.00 0 0.00 
bimaculatus IL Illinois Beach S.P. (IL08.site04) 42.4253 -87.8056 2008 8 0 0.00 0 0.00 
bimaculatus IL Meadowbrook Park, Urbana (IL08.site10) 40.0833 -88.2025 2008 2 0 0.00 0 0.00 
bimaculatus IL Murphysboro (Hwy 149) (IL08.site01) 37.7735 -89.4186 2008 29 0 0.00 2 6.90 
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bimaculatus IL Sand Ridge S.F. (IL09.site01) 40.3902 -89.8584 2009 3 0 0.00 0 0.00 
bimaculatus IN Alamo (Hwy 234) (IN08.site01) 39.9602 -87.0686 2008 20 0 0.00 3 15.00 
bimaculatus IN East Indiana (Hwy 234) (IN09.site02) 39.9600 -87.0664 2009 11 0 0.00 0 0.00 
bimaculatus IN Highway 145N (IN08.site03) 38.4575 -86.6028 2008 2 0 0.00 0 0.00 
bimaculatus IN Nebraska (US50) (IN08.site04) 39.0653 -85.4376 2008 15 1 6.67 6 40.00 
bimaculatus IN Nebraska (US50) (IN09.site01) 39.0653 -85.4376 2009 2 0 0.00 0 0.00 
bimaculatus IN Newton-Stewart S.R.A. (IN08.site02) 38.4040 -86.6613 2008 7 0 0.00 0 0.00 
bimaculatus IN W of Winamac (IN09.site03) 41.0227 -86.8536 2009 6 0 0.00 0 0.00 
bimaculatus IN Winamac (US35) (IN08.site05) 41.0231 -86.5835 2008 43 0 0.00 0 0.00 
bimaculatus KS Baldwin City (US 59) (KS09.site01) 38.7533 -95.2688 2009 1 0 0.00 0 0.00 
bimaculatus KY Cranks (US 421) (KY09. site04) 36.7631 -83.1837 2009 3 0 0.00 0 0.00 
bimaculatus KY Frankfort (Hwy 60) (KY09. site06) 38.1641 -84.9442 2009 11 0 0.00 1 9.09 
bimaculatus KY Hwy 421/US 11 (KY09. site05) 37.2303 -83.7845 2009 4 0 0.00 0 0.00 
bimaculatus KY Hwy 68/Business 69 (KY09. site03) 36.8359 -87.8625 2009 2 0 0.00 0 0.00 
bimaculatus KY Paducah (Hwy 62) (KY09. site02) 37.0253 -88.7622 2009 1 0 0.00 0 0.00 
bimaculatus MA Ashby (MA09.site01) 42.6797 -71.8281 2009 16 0 0.00 0 0.00 
bimaculatus MA CT/MA border (Rt 7) (MA09.site03) 42.0654 -73.3283 2009 27 0 0.00 3 11.11 
bimaculatus MA Easthampton (MA09.site04) 42.2434 -72.7183 2009 11 0 0.00 1 9.09 
bimaculatus MN Caledonia (Hwy 44) (MN09.site02) 43.6285 -91.5072 2009 4 0 0.00 0 0.00 
bimaculatus MN Garvin (Hwy 59) (MN08.site03) 44.1991 -95.7549 2008 3 0 0.00 0 0.00 
bimaculatus MN Great River Bluff S.P. (MN08.site06) 43.9752 -91.4277 2008 8 0 0.00 0 0.00 
bimaculatus MN Houston (Hwy 16) (MN08.site02) 43.7634 -91.4356 2008 48 0 0.00 0 0.00 
bimaculatus MN Hwy 14 & TWP 173 (MN08.site04) 44.2738 -94.2115 2008 2 0 0.00 0 0.00 
bimaculatus MN Oakleaf Lake (Hwy 99) (MN09.site01) 44.3038 -94.0360 2009 22 0 0.00 0 0.00 
bimaculatus MN Red Wing (MN08.site01) 44.5577 -92.4883 2008 40 0 0.00 0 0.00 
bimaculatus MN Sakatah S.P. (MN08.site05) 44.2196 -93.2283 2008 36 0 0.00 0 0.00 
bimaculatus MO Billing (Hwy 60) (MO08.site08) 37.0566 -93.5678 2008 7 0 0.00 0 0.00 
bimaculatus MO Litzsinger Prairie (MO08.site04) 38.6226 -90.3771 2008 19 0 0.00 0 0.00 
bimaculatus MO Shaw Nature Reserve (MO08.site02) 38.4834 -90.8230 2008 15 0 0.00 0 0.00 
bimaculatus MO Shaw Nature Reserve (MO09.site01) 38.4682 -90.8174 2009 44 0 0.00 0 0.00 
bimaculatus MO Tucker Prairie (MO08.site05) 38.9490 -91.9898 2008 2 0 0.00 0 0.00 
bimaculatus NC Alamance (Hwy 62) (NC09.site03) 35.9806 -79.5572 2009 2 0 0.00 0 0.00 
bimaculatus NC Marian (US 221) (NC09.site05) 35.8935 -81.9367 2009 10 1 10.00 0 0.00 
bimaculatus NC Mt. Airy (Hwy 66) (NC09.site02) 36.4704 -80.3947 2009 6 0 0.00 0 0.00 
bimaculatus NC Mt. Mitchell S. P.  (NC09.site06) 35.7450 -82.2776 2009 3 0 0.00 0 0.00 
bimaculatus NC Wadesboro (Hwy 109) (NC09.site01) 35.0436 -80.0250 2009 3 0 0.00 1 33.33 
bimaculatus ND Ft. Stevenson S.P. (ND08.site02) 47.5941 -101.4267 2008 9 0 0.00 0 0.00 
bimaculatus ND North of Hwy 200 (ND08.site03) 47.4961 -100.8227 2008 2 0 0.00 0 0.00 
bimaculatus NE Calamus Reservoir (NE09.site02) 41.7404 -98.8093 2009 4 0 0.00 0 0.00 
bimaculatus NE Dannebrog (Hwy 11) (NE09.site01) 41.1255 -98.5542 2009 16 0 0.00 0 0.00 
bimaculatus NE Plattsmouth  (NE08.site02) 40.9998 -95.8726 2008 7 0 0.00 0 0.00 
bimaculatus NY New York 96A (NY09.site02) 42.6817 -76.8511 2009 10 0 0.00 0 0.00 
bimaculatus NY Niagra Falls (Rd. 104) (NY09.site01) 43.2022 -78.8296 2009 3 0 0.00 0 0.00 
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bimaculatus NY SUNY Stony Brook (NY09.site05) 40.9239 -73.1238 2009 6 0 0.00 2 33.33 
bimaculatus NY Wading River (25A) (NY09.site04) 40.9444 -72.8361 2009 7 0 0.00 1 14.29 
bimaculatus NY Wappinger Lake (Rt. 9) (NY09.site06) 41.6024 -73.9116 2009 2 0 0.00 0 0.00 
bimaculatus OH Delphos (Route 190) (OH09.site01) 40.8922 -84.3158 2009 17 0 0.00 0 0.00 
bimaculatus OH Fletcher (Hwy 589) (OH09.site05) 40.0979 -84.1159 2009 1 0 0.00 0 0.00 
bimaculatus OH Oak Harbor (Route 105) (OH09.site02) 41.4938 -83.2199 2009 52 0 0.00 0 0.00 
bimaculatus OH Tacoma (Hwy 147) (OH09.site04) 40.0015 -81.1431 2009 1 0 0.00 0 0.00 
bimaculatus OH Wooster (Hwy 83) (OH09.site03) 40.9082 -81.9792 2009 18 1 5.56 0 0.00 
bimaculatus PA Loyalsock State Forest (PA09.site02) 41.3778 -76.8368 2009 1 0 0.00 0 0.00 
bimaculatus PA State College (PA09.site03) 40.7603 -77.8385 2009 10 0 0.00 1 10.00 
bimaculatus PA Susquehannock Forest (PA09.site01) 41.4028 -78.0264 2009 30 0 0.00 0 0.00 
bimaculatus SD DeSmet (Hwy14) (SD08.site04) 44.3717 -97.5246 2008 22 0 0.00 0 0.00 
bimaculatus SD Hwy 385 (SD08.site02) 43.6644 -103.5894 2008 1 0 0.00 0 0.00 
bimaculatus TN Cherokee N.F. (TN09.site04) 35.9228 -82.9772 2009 24 0 0.00 1 4.17 
bimaculatus TN Coker Creek (Hwy 68) (TN09.site06) 35.2410 -84.3182 2009 14 0 0.00 0 0.00 
bimaculatus TN Smokey Mt. N.P. (TN09.site05) 35.6090 -83.9352 2009 9 0 0.00 0 0.00 
bimaculatus VA Big Reed Island Creek (VA09.site02) 36.7229 -80.5809 2009 6 0 0.00 0 0.00 
bimaculatus VA Charlotte Co. (Hwy 47) (VA09.site04) 37.2557 -78.6809 2009 1 0 0.00 0 0.00 
bimaculatus VA George Washington N.F. (VA09.site03) 37.5151 -79.7024 2009 5 0 0.00 1 20.00 
bimaculatus VA Martinsville (Hwy 220) (VA09.site01) 36.7576 -79.9367 2009 2 0 0.00 0 0.00 
bimaculatus VA Natural Tunnel S.P. (VA09.site05) 36.6749 -82.7469 2009 3 0 0.00 0 0.00 
bimaculatus VT Green Mtn. N.F. (Rt. 100) (VT09.site02) 42.8884 -72.8616 2009 16 0 0.00 0 0.00 
bimaculatus VT Ludlow (VT09.site01) 43.4144 -72.7055 2009 9 0 0.00 0 0.00 
bimaculatus WI Hazel Green (Hwy 11) (WI09.site04) 42.5289 -90.4951 2009 25 0 0.00 2 8.00 
bimaculatus WI Madison (WI08.site01) 43.0410 -89.4315 2008 6 0 0.00 0 0.00 
bimaculatus WI Madison Arboretum (WI09.site01) 43.0410 -89.4315 2009 18 0 0.00 0 0.00 
bimaculatus WI Rocky Arbor S.P. (Hwy 13) (WI08.site05) 43.6265 -89.8061 2008 1 0 0.00 0 0.00 
bimaculatus WI Rocky Arbor S.P. (WI08.site03) 43.6422 -89.8111 2008 10 0 0.00 0 0.00 
bimaculatus WI Rocky Arbor S.P. (WI09.site02) 43.6267 -89.8041 2009 5 0 0.00 0 0.00 
bimaculatus WI University of Wisconsin (WI08.site06) 43.0410 -89.4315 2008 6 0 0.00 0 0.00 
bimaculatus WI Wyeville (WI08.site02) 44.0300 -90.4203 2008 22 0 0.00 0 0.00 
borealis           
borealis ND Glenfield (Hwy 200) (ND08.site04) 47.4572 -98.6491 2008 8 0 0.00 0 0.00 
borealis ND North of Hwy 200 (ND08.site03) 47.4961 -100.8227 2008 2 0 0.00 0 0.00 
californicus           
californicus CA Sierraville 39.5760 -120.3699 2007 10 1 10.00 0 0.00 
californicus CO Crested Butte 38.9186 -106.9599 2008 6 0 0.00 0 0.00 
californicus CO Estes Park 40.3918 -105.4876 2009 1 1 100.00 0 0.00 
californicus CO Silverthorne 39.7184 -106.1513 2008 1 0 0.00 0 0.00 
californicus OR Baker City 45.0065 -117.5794 2008 2 0 0.00 0 0.00 
californicus OR Lakeview 42.1836 -120.3490 2009 1 0 0.00 0 0.00 
californicus OR Wallowa-Whitman N.F. 45.6997 -117.2947 2008 16 0 0.00 0 0.00 
californicus OR Wyeth 45.6910 -121.7656 2008 2 0 0.00 0 0.00 
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californicus UT Guardsman Pass 40.6084 -111.5507 2008 1 0 0.00 0 0.00 
californicus UT Sheep Creek Lake 40.8836 -109.8066 2008 1 0 0.00 0 0.00 
californicus WA Anatone 46.1083 -117.2458 2008 4 0 0.00 0 0.00 
californicus WA Cashmere 47.6376 -120.4418 2008 1 0 0.00 0 0.00 
californicus WA Delphi 46.9606 -123.1023 2008 1 0 0.00 0 0.00 
californicus WA Wawawai Bay 47.7460 -121.0880 2008 1 0 0.00 0 0.00 
californicus WY Cow Camp Spring (Big Horn N.F.) 44.3190 -106.9424 2009 1 0 0.00 0 0.00 
caliginosus           
caliginosus OR Bunker Hill 43.2717 -124.2616 2008 5 0 0.00 0 0.00 
centralis           
centralis CO Estes Park 40.3918 -105.4876 2009 1 0 0.00 0 0.00 
centralis CO Gothic 39.9948 -107.0588 2008 3 0 0.00 0 0.00 
centralis CO Mount Crested Butte 38.9186 -106.9599 2009 1 0 0.00 0 0.00 
centralis CO Nederland (Hwy 72) (CO08.site03) 40.0230 -105.5135 2008 29 0 0.00 0 0.00 
centralis CO Oak Creek (San Isabel N.F.) 38.3014 -105.2567 2009 1 0 0.00 0 0.00 
centralis CO Plat River Rd. (CO08.site02) 39.3775 -105.1725 2008 12 0 0.00 0 0.00 
centralis CO Rd 67 (CO08.site04) 39.1559 -105.1559 2008 4 0 0.00 0 0.00 
centralis CO Silverthorne 39.7184 -106.1513 2008 2 0 0.00 0 0.00 
centralis ID Independence Lake 42.1988 -113.6670 2008 3 0 0.00 0 0.00 
centralis ID McCall 45.0028 -116.1589 2008 1 0 0.00 0 0.00 
centralis ID New Meadows 44.9898 -116.1886 2008 1 0 0.00 0 0.00 
centralis ID Riggins 45.5712 -116.3048 2008 1 0 0.00 0 0.00 
centralis MT Big Sky 45.0618 -111.2555 2008 2 0 0.00 0 0.00 
centralis MT Hebgen Lake 44.7438 -111.2590 2008 9 0 0.00 1 11.11 
centralis NV Lamoille Canyon 1 40.6916 -115.4742 2007 20 0 0.00 0 0.00 
centralis OR Baker City 45.0065 -117.5794 2008 19 0 0.00 0 0.00 
centralis OR Richland 44.9684 -117.4320 2008 12 0 0.00 0 0.00 
centralis OR Wallowa-Whitman N.F. 45.6997 -117.2947 2008 1 0 0.00 0 0.00 
centralis SD Deadwood (Hwy 14A) (SD08.site01) 44.3887 -103.6221 2008 1 0 0.00 0 0.00 
centralis UT Clear Creek 41.9491 -113.3495 2009 1 0 0.00 0 0.00 
centralis UT Cyclone Lake 37.9737 -111.7241 2008 1 0 0.00 0 0.00 
centralis UT Guardsman Pass 40.6084 -111.5507 2008 19 0 0.00 0 0.00 
centralis UT Park City 40.6084 -111.5507 2008 1 0 0.00 0 0.00 
centralis UT Sheep Creek Lake 40.8836 -109.8066 2008 1 0 0.00 0 0.00 
centralis UT Spirit Lake 40.8429 -109.9965 2008 1 0 0.00 0 0.00 
centralis WA Anatone 46.1083 -117.2458 2008 5 0 0.00 0 0.00 
centralis WA Cashmere 47.6376 -120.4418 2008 1 0 0.00 0 0.00 
centralis WA Skokomish 47.3519 -123.3248 2008 1 1 100.00 0 0.00 
centralis WY Big Horn N.F. 44.1681 -107.2109 2009 1 0 0.00 0 0.00 
centralis WY Converse County (WY08.site03) 42.3620 -105.4376 2008 4 0 0.00 0 0.00 
centralis WY Frye Lake 42.7442 -108.8169 2009 2 0 0.00 0 0.00 
centralis WY Grand Targhee Resort 43.7801 -110.9630 2008 8 0 0.00 0 0.00 
centralis WY Highway 85 (WY08.site06) 44.1363 -104.1066 2008 1 0 0.00 0 0.00 
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centralis WY Medicine Bow N.F. 41.3464 -106.1843 2009 1 0 0.00 0 0.00 
centralis WY Medicine Bow N.F. (WY08.site01) 41.3213 -106.1573 2008 4 0 0.00 0 0.00 
centralis WY Mutts Meadow 44.7603 -107.5948 2008 3 0 0.00 0 0.00 
centralis WY Porcupine Falls 44.7595 -107.7414 2008 2 0 0.00 0 0.00 
centralis WY Shoshone N.F. 42.7366 -108.8366 2009 1 0 0.00 0 0.00 
centralis WY Sourdough Creek 44.2413 -106.9864 2008 2 0 0.00 0 0.00 
citrinus           
citrinus GA Dean Lake (GA09.site03) 34.2657 -84.2724 2009 1 0 0.00 0 0.00 
fernaldae           
fernaldae ID Kanisku N.F. 48.8529 -116.2790 2009 1 0 0.00 0 0.00 
fernaldae MT Hebgen Lake 44.7438 -111.2590 2008 12 0 0.00 0 0.00 
fernaldae MT Lewis & Clark N.F. 46.8580 -110.6782 2009 1 0 0.00 0 0.00 
fernaldae OR Selmak Lake 42.2621 -123.5851 2008 5 1 20.00 0 0.00 
fernaldae UT Park City 40.6084 -111.5507 2008 1 0 0.00 0 0.00 
fernaldae UT Spirit Lake 40.8429 -109.9965 2008 3 0 0.00 0 0.00 
fernaldae WY Grand Targhee Resort 43.7801 -110.9630 2008 3 0 0.00 0 0.00 
fernaldae WY Mutts Meadow 44.7603 -107.5948 2008 1 0 0.00 0 0.00 
fervidus           
fervidus CO Nederland (Hwy 72) (CO08.site03) 40.0230 -105.5135 2008 3 0 0.00 0 0.00 
fervidus CO Silverthorne 39.7184 -106.1513 2008 2 0 0.00 0 0.00 
fervidus IL Castle Rock S.P. (IL09.site04) 41.9783 -89.3570 2009 1 0 0.00 0 0.00 
fervidus IL Hewitville (Hwy 48) (IL08.site13) 39.5248 -89.3284 2008 1 0 0.00 0 0.00 
fervidus IL Hewitville (Hwy 48) (IL09.site03) 39.5111 -89.3416 2009 1 0 0.00 0 0.00 
fervidus IN Holton (Hwy 50) (IN09.site05) 39.0728 -85.3885 2009 15 9 60.00 1 6.70 
fervidus IN Nebraska (US50) (IN09.site01) 39.0653 -85.4376 2009 3 0 0.00 0 0.00 
fervidus MT Big Sky 45.0618 -111.2555 2008 3 0 0.00 0 0.00 
fervidus ND Ft. Stevenson S.P. (ND08.site02) 47.5941 -101.4267 2008 1 0 0.00 0 0.00 
fervidus ND North of Hwy 200 (ND08.site03) 47.4961 -100.8227 2008 1 0 0.00 0 0.00 
fervidus OR Richland 44.9684 -117.4320 2008 1 0 0.00 0 0.00 
fervidus OR Wallowa-Whitman N.F. 45.6997 -117.2947 2008 1 0 0.00 0 0.00 
fervidus UT Guardsman Pass 40.6084 -111.5507 2008 1 0 0.00 0 0.00 
fervidus UT Park City 40.6084 -111.5507 2008 1 0 0.00 0 0.00 
fervidus UT Park City 40.6860 -111.5583 2009 1 0 0.00 0 0.00 
fervidus UT Sheep Creek Lake 40.8836 -109.8066 2008 2 0 0.00 0 0.00 
fervidus UT Sheep Creek Lake 40.8836 -109.8066 2008 1 0 0.00 0 0.00 
fervidus WA Anatone 46.1083 -117.2458 2008 1 0 0.00 0 0.00 
fervidus WA Wawawai Bay 47.7460 -121.0880 2008 4 0 0.00 0 0.00 
fervidus WY Converse County (WY08.site03) 42.3620 -105.4376 2008 3 0 0.00 0 0.00 
fervidus WY Glendo State Park (WY08.site02) 42.4831 -105.0070 2008 3 0 0.00 0 0.00 
fervidus WY Grand Targhee Resort 43.7801 -110.9630 2008 1 0 0.00 0 0.00 
fervidus WY Medicine Bow N.F. (WY08.site01) 41.3213 -106.1573 2008 3 0 0.00 0 0.00 
fervidus WY Tuttle Rd. (WY08.site04) 41.9125 -105.3204 2008 1 0 0.00 0 0.00 
flavifrons           
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flavifrons CA Indian Creek Rd. 41.9658 -123.5029 2008 2 1 50.00 0 0.00 
flavifrons CO Gothic 39.9948 -107.0588 2008 4 0 0.00 0 0.00 
flavifrons CO Nederland (Hwy 72) (CO08.site03) 40.0230 -105.5135 2008 3 0 0.00 0 0.00 
flavifrons CO Silverthorne 39.7184 -106.1513 2008 5 0 0.00 0 0.00 
flavifrons CO Swanson Lake 38.3230 -107.4761 2009 1 0 0.00 0 0.00 
flavifrons CO Uncompahgre N.F. 38.0017 -107.6943 2009 1 0 0.00 0 0.00 
flavifrons ID Independence Lake 42.1988 -113.6670 2008 1 0 0.00 0 0.00 
flavifrons ID McCall 45.0028 -116.1589 2008 2 0 0.00 0 0.00 
flavifrons ID New Meadows 44.9898 -116.1886 2008 5 0 0.00 0 0.00 
flavifrons MT Beaverhead N.F. 44.7512 -111.2638 2009 15 0 0.00 1 6.70 
flavifrons MT Big Sky 45.0618 -111.2555 2008 1 0 0.00 0 0.00 
flavifrons MT Hebgen Lake 44.7438 -111.2590 2008 5 0 0.00 1 20.00 
flavifrons MT Lewis & Clark N.F. 46.8580 -110.6782 2009 3 0 0.00 0 0.00 
flavifrons OR Baker City 45.0065 -117.5794 2008 1 0 0.00 0 0.00 
flavifrons OR Lake of the Woods 42.3893 -122.2148 2009 1 0 0.00 0 0.00 
flavifrons OR Richland 44.9684 -117.4320 2008 6 0 0.00 0 0.00 
flavifrons OR Selmak Lake 42.2621 -123.5851 2008 2 0 0.00 0 0.00 
flavifrons OR Sisters 44.2561 -121.6905 2008 2 0 0.00 0 0.00 
flavifrons OR Wallowa-Whitman N.F. 45.6997 -117.2947 2008 26 0 0.00 0 0.00 
flavifrons OR Wyeth 45.6910 -121.7656 2008 1 0 0.00 0 0.00 
flavifrons UT Clear Creek 41.9491 -113.3495 2009 3 0 0.00 0 0.00 
flavifrons UT Guardsman Pass 40.6084 -111.5507 2008 9 0 0.00 0 0.00 
flavifrons UT Park City 40.6084 -111.5507 2008 2 0 0.00 0 0.00 
flavifrons UT Sheep Creek Lake 40.8836 -109.8066 2008 1 0 0.00 0 0.00 
flavifrons UT Spirit Lake 40.8429 -109.9965 2008 5 0 0.00 0 0.00 
flavifrons UT Tony Grove 41.8936 -111.6436 2008 1 0 0.00 0 0.00 
flavifrons WA Anatone 46.1083 -117.2458 2008 5 0 0.00 0 0.00 
flavifrons WA Cashmere 47.6376 -120.4418 2008 2 0 0.00 0 0.00 
flavifrons WA Delphi 46.9606 -123.1023 2008 1 0 0.00 0 0.00 
flavifrons WY Medicine Mtn. 44.8023 -107.9004 2009 1 0 0.00 0 0.00 
flavifrons WY Mutts Meadow 44.7603 -107.5948 2008 1 0 0.00 0 0.00 
flavifrons WY Sourdough Creek 44.2413 -106.9864 2008 1 0 0.00 0 0.00 
fraternus           
fraternus IL Sand Ridge S.F. (IL09.site01) 40.3902 -89.8584 2009 1 0 0.00 0 0.00 
fraternus KS Council Grove Lake (KS09.site03) 38.6872 -96.4928 2009 1 0 0.00 0 0.00 
fraternus KS Maxwell Wildlife Refuge (KS08.site03) 38.4759 -97.4581 2008 1 0 0.00 0 0.00 
fraternus KS Pomona S. P. (KS09.site02) 38.6381 -95.6011 2009 1 0 0.00 0 0.00 
frigidus           
frigidus MT Beaverhead N.F. 44.7512 -111.2638 2009 10 1 10.00 3 30.00 
frigidus WY Cow Camp Spring (Big Horn N.F.) 44.3190 -106.9424 2009 2 0 0.00 0 0.00 
griseocollis           
griseocollis IA Denison (US 30) (IA09.site01) 41.9911 -95.3928 2009 1 0 0.00 0 0.00 
griseocollis IA Pella (Hwy 102) (IA09.site02) 41.4071 -92.8710 2009 1 0 0.00 0 0.00 
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griseocollis IA Sigourney (Hwy 92) (IA08.site01) 41.3361 -92.3366 2008 53 0 0.00 0 0.00 
griseocollis IL Allerton Park (Entrance) (IL08.site05) 40.0077 -88.6448 2008 1 0 0.00 0 0.00 
griseocollis IL Allerton Park (Statue) (IL09.site02) 40.0077 -88.6448 2009 1 0 0.00 0 0.00 
griseocollis IL Chain O'Lakes State Park (IL08.site03) 42.4605 -88.1922 2008 12 0 0.00 0 0.00 
griseocollis IL Hewitville (Hwy 48) (IL08.site13) 39.5248 -89.3284 2008 3 0 0.00 0 0.00 
griseocollis IL Hewitville (Hwy 48) (IL09.site03) 39.5111 -89.3416 2009 1 0 0.00 0 0.00 
griseocollis IL Illinois Beach S.P. (IL08.site04) 42.4253 -87.8056 2008 7 0 0.00 0 0.00 
griseocollis IL Sand Ridge S.F. (IL09.site01) 40.3902 -89.8584 2009 34 0 0.00 0 0.00 
griseocollis IL Sand Ridge S.P. (IL08.site07) 40.3902 -89.8584 2008 22 0 0.00 0 0.00 
griseocollis IN Alamo (Hwy 234) (IN08.site01) 39.9602 -87.0686 2008 1 0 0.00 0 0.00 
griseocollis IN Nebraska (US50) (IN09.site01) 39.0653 -85.4376 2009 3 0 0.00 0 0.00 
griseocollis KS Baldwin City (US 59) (KS09.site01) 38.7533 -95.2688 2009 1 0 0.00 0 0.00 
griseocollis KS Council Grove Lake (KS09.site03) 38.6872 -96.4928 2009 1 0 0.00 0 0.00 
griseocollis KS Pomona S. P. (KS09.site02) 38.6381 -95.6011 2009 1 0 0.00 0 0.00 
griseocollis MA Easthampton (MA09.site04) 42.2434 -72.7183 2009 1 0 0.00 0 0.00 
griseocollis MN Garvin (Hwy 59) (MN08.site03) 44.1991 -95.7549 2008 23 0 0.00 0 0.00 
griseocollis MN Great River Bluff S.P. (MN08.site06) 43.9752 -91.4277 2008 13 0 0.00 0 0.00 
griseocollis MN Hwy 14 & TWP 174 (MN08.site04) 44.2738 -94.2115 2008 15 1 6.67 0 0.00 
griseocollis MN Sakatah S.P. (MN08.site05) 44.2196 -93.2283 2008 8 0 0.00 0 0.00 
griseocollis MO Atlanta (MO08.site07) 39.8987 -92.4737 2008 12 0 0.00 0 0.00 
griseocollis MO Aurora (Hwy 60) (MO09.site03) 36.9619 -93.6843 2009 1 0 0.00 0 0.00 
griseocollis MO Brookfield (Route 11) (MO08.site06) 39.7526 -93.0808 2008 3 0 0.00 0 0.00 
griseocollis MO Tucker Prairie (MO08.site05) 38.9490 -91.9898 2008 10 0 0.00 0 0.00 
griseocollis ND Glenfield (Hwy 200) (ND08.site04) 47.4572 -98.6491 2008 4 0 0.00 0 0.00 
griseocollis ND Hwy 83 (ND08.site01) 46.0140 -100.0683 2008 4 0 0.00 0 0.00 
griseocollis ND North of Hwy 200 (ND08.site03) 47.4961 -100.8227 2008 1 0 0.00 0 0.00 
griseocollis NE Branched Oak Lake R. A. (NE08.site01) 40.9600 -96.8638 2008 33 1 3.03 0 0.00 
griseocollis NE Calamus Reservoir (NE09.site02) 41.7404 -98.8093 2009 1 0 0.00 0 0.00 
griseocollis NE Dannebrog (Hwy 11) (NE09.site01) 41.1255 -98.5542 2009 1 0 0.00 0 0.00 
griseocollis NE Plattsmouth  (NE08.site02) 40.9998 -95.8726 2008 63 0 0.00 0 0.00 
griseocollis OK Thunderbird State Park (OK09.site02) 35.2540 -97.2653 2009 1 0 0.00 0 0.00 
griseocollis SD DeSmet (Hwy14) (SD08.site04) 44.3717 -97.5246 2008 4 0 0.00 0 0.00 
griseocollis SD Hwy 385 (SD08.site02) 43.6644 -103.5894 2008 7 0 0.00 0 0.00 
griseocollis SD Pierre (Hwy 83) (SD08.site03) 44.2907 -100.3331 2008 16 0 0.00 0 0.00 
griseocollis SD Viborg (Hwy 19) (SD08.site05) 43.1921 -97.0808 2008 11 0 0.00 0 0.00 
griseocollis WA Wallowa-Whitman N.F. 45.0063 -117.5168 2009 1 0 0.00 0 0.00 
griseocollis WA Wawawai Bay 47.7460 -121.0880 2008 18 0 0.00 0 0.00 
griseocollis WY Glendo State Park (WY08.site02) 42.4831 -105.0070 2008 18 0 0.00 0 0.00 
griseocollis WY Thunder Basin Nat. Grassl. (WY08.site05) 43.7523 -104.5853 2008 3 0 0.00 0 0.00 
griseocollis WY Tuttle Rd. (WY08.site04) 41.9125 -105.3204 2008 36 0 0.00 0 0.00 
huntii           
huntii CO Daley Gulch (San Isabel N.F.) 38.8397 -105.9893 2009 6 0 0.00 0 0.00 
huntii CO Estes Park 40.3918 -105.4876 2009 1 0 0.00 0 0.00 
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huntii CO Nederland (Hwy 72) (CO08.site03) 40.0230 -105.5135 2008 4 0 0.00 0 0.00 
huntii CO Plat River Rd. (CO08.site02) 39.3775 -105.1725 2008 6 0 0.00 0 0.00 
huntii CO Rd 67 (CO08.site04) 39.1559 -105.1559 2008 3 0 0.00 0 0.00 
huntii MN Garvin (Hwy 59) (MN08.site03) 44.1991 -95.7549 2008 1 0 0.00 0 0.00 
huntii ND Ft. Stevenson S.P. (ND08.site02) 47.5941 -101.4267 2008 11 0 0.00 0 0.00 
huntii ND Glenfield (Hwy 200) (ND08.site04) 47.4572 -98.6491 2008 1 0 0.00 0 0.00 
huntii ND North of Hwy 200 (ND08.site03) 47.4961 -100.8227 2008 6 0 0.00 0 0.00 
huntii NV Lamoille Canyon 1 40.6916 -115.4742 2007 1 0 0.00 0 0.00 
huntii OR Baker City 45.0065 -117.5794 2008 2 0 0.00 0 0.00 
huntii OR Richland 44.9684 -117.4320 2008 2 0 0.00 0 0.00 
huntii OR Sisters 44.2561 -121.6905 2008 2 0 0.00 0 0.00 
huntii SD Deadwood (Hwy 14A) (SD08.site01) 44.3887 -103.6221 2008 3 0 0.00 0 0.00 
huntii SD Hwy 385 (SD08.site02) 43.6644 -103.5894 2008 13 0 0.00 0 0.00 
huntii UT Clear Creek 41.9491 -113.3495 2007 9 1 11.11 0 0.00 
huntii UT One Mile Fork 41.9601 -113.4488 2007 8 0 0.00 1 12.50 
huntii UT Tony Grove 41.8936 -111.6436 2008 3 0 0.00 0 0.00 
huntii WA Wallowa-Whitman N.F. 45.0063 -117.5168 2009 2 0 0.00 0 0.00 
huntii WA Wawawai Bay 47.7460 -121.0880 2008 2 0 0.00 0 0.00 
huntii WY Highway 85 (WY08.site06) 44.1363 -104.1066 2008 7 0 0.00 0 0.00 
huntii WY Medicine Bow N.F. (WY08.site01) 41.3213 -106.1573 2008 8 0 0.00 0 0.00 
huntii WY Ten Sleep 44.0666 -107.3781 2009 1 0 0.00 0 0.00 
huntii WY Thunder Basin Nat. Grassl. (WY08.site05) 43.7523 -104.5853 2008 13 0 0.00 0 0.00 
huntii WY Tuttle Rd. (WY08.site04) 41.9125 -105.3204 2008 27 0 0.00 0 0.00 
impatiens           
impatiens AL Dauphin Island (AL09.site01) 30.2548 -88.1122 2009 21 0 0.00 0 0.00 
impatiens AL Greenville (Fort Dale Rd.) (AL09.site02) 31.8543 -86.6413 2009 14 0 0.00 0 0.00 
impatiens AL Six Mile (Rt. 25) (AL09.site04) 33.0452 -87.0059 2009 4 0 0.00 0 0.00 
impatiens AR Devil's Den S.P (Hwy 74) (AR08.site02) 35.8207 -94.1590 2008 67 0 0.00 0 0.00 
impatiens AR Ozark N.F. (Hwy 16) (AR08.site01) 36.1015 -94.4352 2008 4 0 0.00 0 0.00 
impatiens AR Soudan Ark (Rt 79) (AR09.site01) 34.8463 -90.6360 2009 1 0 0.00 0 0.00 
impatiens AR Stuttgart (Hwy 79) (AR09.site02) 34.5472 -91.4958 2009 9 0 0.00 0 0.00 
impatiens CT Farmington River Trail (CT09.site01) 41.7664 -72.8995 2009 51 1 1.96 2 3.92 
impatiens CT Rockville (Hwy 83) (CT09.site02) 41.8609 -72.4831 2009 42 0 0.00 5 11.90 
impatiens GA Athens (Luke Rd.) (GA09.site04) 33.9625 -83.5327 2009 16 0 0.00 0 0.00 
impatiens GA Dean Lake (GA09.site03) 34.2657 -84.2724 2009 28 0 0.00 0 0.00 
impatiens GA Ramburst (Hwy 411) (GA09.site02) 34.6651 -84.7103 2009 4 0 0.00 0 0.00 
impatiens GA Villanow (Hwy 136) (GA09.site01) 34.6786 -85.1274 2009 8 0 0.00 0 0.00 
impatiens IA Charles City (Hwy 18) (IA08.site04) 43.0656 -92.6489 2008 10 0 0.00 0 0.00 
impatiens IA Denison (US 30) (IA09.site01) 41.9911 -95.3928 2009 34 0 0.00 0 0.00 
impatiens IA Oskaloosa (Hwy 63) (IA08.site03) 41.3298 -92.6473 2008 23 1 4.35 0 0.00 
impatiens IA Pella (Hwy 102) (IA09.site02) 41.4071 -92.8710 2009 6 0 0.00 0 0.00 
impatiens IA Sigourney (Hwy 92) (IA08.site01) 41.3361 -92.3366 2008 1 0 0.00 0 0.00 
impatiens IL Allerton Park (Entrance) (IL08.site12) 40.0077 -88.6448 2008 2 0 0.00 0 0.00 
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impatiens IL Allerton Park (Statue) (IL09.site02) 40.0077 -88.6448 2009 13 0 0.00 0 0.00 
impatiens IL ARS research site Peoria (IL08.site09) 40.9165 -89.8031 2008 32 0 0.00 0 0.00 
impatiens IL Bluff Springs Fen (IL08.site11) 42.0154 -88.2642 2008 87 0 0.00 0 0.00 
impatiens IL Bluff Springs Fen (IL09.site05) 42.0138 -88.2520 2009 27 0 0.00 0 0.00 
impatiens IL Castle Rock S.P. (IL09.site04) 41.9783 -89.3570 2009 4 0 0.00 1 25.00 
impatiens IL Castle Rock State Park (IL08.site02) 41.9783 -89.3570 2008 3 0 0.00 0 0.00 
impatiens IL Chain O'Lakes State Park (IL08.site03) 42.4605 -88.1922 2008 8 0 0.00 0 0.00 
impatiens IL Galton (Hwy 45) (IL08.site15) 39.7606 -88.2974 2008 4 0 0.00 0 0.00 
impatiens IL Havanna (Hwy 78) (IL08.site08) 40.2533 -90.0879 2008 4 0 0.00 0 0.00 
impatiens IL Hewitville (Hwy 48) (IL08.site13) 39.5248 -89.3284 2008 16 0 0.00 0 0.00 
impatiens IL Hewitville (Hwy 48) (IL09.site03) 39.5111 -89.3416 2009 10 0 0.00 0 0.00 
impatiens IL I57 & Hwy 146 (IL09.site07) 37.4471 -89.1175 2009 45 0 0.00 12 26.70 
impatiens IL Illinois Beach S.P. (IL08.site04) 42.4253 -87.8056 2008 5 0 0.00 0 0.00 
impatiens IL Jubilee College S.P. (IL09.site08) 40.8251 -89.8030 2009 40 1 2.50 6 15.00 
impatiens IL Meadowbrook Park, Urbana (IL08.site10) 40.0833 -88.2025 2008 15 0 0.00 0 0.00 
impatiens IL Murphysboro (Hwy 149) (IL08.site01) 37.7735 -89.4186 2008 63 0 0.00 0 0.00 
impatiens IL Pesotum (Hwy 45) (IL09.site06) 39.9372 -88.2706 2009 14 0 0.00 0 0.00 
impatiens IL Sand Ridge S.F. (IL09.site01) 40.3902 -89.8584 2009 8 0 0.00 0 0.00 
impatiens IL Sand Ridge S.P. (IL08.site07) 40.3902 -89.8584 2008 27 0 0.00 0 0.00 
impatiens IL Shawnee N.F. (Hwy 146) (IL08.site16) 37.3793 -88.5923 2008 12 0 0.00 0 0.00 
impatiens IN Alamo (Hwy 234) (IN08.site01) 39.9602 -87.0686 2008 62 1 1.61 5 8.06 
impatiens IN East Indiana (Hwy 234) (IN09.site02) 39.9600 -87.0664 2009 61 0 0.00 2 3.30 
impatiens IN Highway 145N (IN08.site03) 38.4575 -86.6028 2008 42 0 0.00 2 4.76 
impatiens IN Holton (Hwy 50) (IN09.site05) 39.0728 -85.3885 2009 47 0 0.00 7 14.90 
impatiens IN Hoosier National Forest (IN09.site04) 38.4093 -86.7305 2009 50 1 2.00 3 6.00 
impatiens IN Nebraska (US50) (IN08.site04) 39.0653 -85.4376 2008 46 11 23.91 3 6.52 
impatiens IN Nebraska (US50) (IN09.site01) 39.0653 -85.4376 2009 167 0 0.00 15 9.00 
impatiens IN Newton-Stewart S.R.A. (IN08.site02) 38.4040 -86.6613 2008 69 0 0.00 5 7.25 
impatiens IN W of Winamac (IN09.site03) 41.0227 -86.8536 2009 11 0 0.00 0 0.00 
impatiens IN Winamac (US35) (IN08.site05) 41.0231 -86.5835 2008 54 0 0.00 0 0.00 
impatiens KS Baldwin City (US 59) (KS09.site01) 38.7533 -95.2688 2009 1 0 0.00 0 0.00 
impatiens KS Cherokee (Hwy 400) (KS08.site05) 37.3394 -94.8313 2008 1 0 0.00 0 0.00 
impatiens KS Pomona S. P. (KS09.site02) 38.6381 -95.6011 2009 1 0 0.00 0 0.00 
impatiens KY Cranks (US 421) (KY09. site04) 36.7631 -83.1837 2009 30 0 0.00 0 0.00 
impatiens KY Frankfort (Hwy 60) (KY09. site06) 38.1641 -84.9442 2009 8 0 0.00 0 0.00 
impatiens KY Hwy 421/US 11 (KY09. site05) 37.2303 -83.7845 2009 2 0 0.00 0 0.00 
impatiens KY Hwy 68/Business 69 (KY09. site03) 36.8359 -87.8625 2009 13 0 0.00 0 0.00 
impatiens KY Paducah (Hwy 62) (KY09. site02) 37.0253 -88.7622 2009 19 0 0.00 0 0.00 
impatiens LA Bayou LaFourche River (LA09.site03) 29.5346 -90.3370 2009 1 0 0.00 0 0.00 
impatiens LA Davis Loop & Hwy 4 (LA09.site02) 32.2689 -93.0218 2009 5 0 0.00 0 0.00 
impatiens MA Ashby (MA09.site01) 42.6797 -71.8281 2009 13 0 0.00 0 0.00 
impatiens MA CT/MA border (Rt 7) (MA09.site03) 42.0654 -73.3283 2009 6 0 0.00 0 0.00 
impatiens MA Easthampton (MA09.site04) 42.2434 -72.7183 2009 35 0 0.00 1 2.86 
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impatiens MA Wellesley (MA09.site02) 42.2912 -71.3191 2009 25 0 0.00 1 4.00 
impatiens MN Caledonia (Hwy 44) (MN09.site02) 43.6285 -91.5072 2009 47 0 0.00 0 0.00 
impatiens MN Garvin (Hwy 59) (MN08.site03) 44.1991 -95.7549 2008 1 0 0.00 0 0.00 
impatiens MN Great River Bluff S.P. (MN08.site06) 43.9752 -91.4277 2008 25 0 0.00 0 0.00 
impatiens MN Houston (Hwy 16) (MN08.site02) 43.7634 -91.4356 2008 3 0 0.00 0 0.00 
impatiens MN Hwy 14 & TWP 175 (MN08.site04) 44.2738 -94.2115 2008 1 0 0.00 0 0.00 
impatiens MN Oakleaf Lake (Hwy 99) (MN09.site01) 44.3038 -94.0360 2009 1 0 0.00 0 0.00 
impatiens MN Red Wing (MN08.site01) 44.5577 -92.4883 2008 3 0 0.00 0 0.00 
impatiens MN Sakatah S.P. (MN08.site05) 44.2196 -93.2283 2008 12 0 0.00 0 0.00 
impatiens MO Atlanta (MO08.site07) 39.8987 -92.4737 2008 12 0 0.00 0 0.00 
impatiens MO Billing (Hwy 60) (MO08.site08) 37.0566 -93.5678 2008 3 0 0.00 0 0.00 
impatiens MO Brookfield (Route 11) (MO08.site06) 39.7526 -93.0808 2008 7 0 0.00 0 0.00 
impatiens MO Busch Conserv. Area (MO08.site01) 38.7097 -90.7490 2008 3 0 0.00 0 0.00 
impatiens MO Kirksville (Hwy 53) (MO09.site05) 40.1658 -92.5716 2009 27 0 0.00 0 0.00 
impatiens MO Rocheport (Hwy 40) (MO09.site04) 38.9897 -92.5157 2009 20 0 0.00 0 0.00 
impatiens MO Shaw Nature Reserve (MO09.site02) 38.4804 -90.8234 2009 26 0 0.00 0 0.00 
impatiens MO Tucker Prairie (MO08.site05) 38.9490 -91.9898 2008 1 0 0.00 0 0.00 
impatiens MS Gulfport (MS09.site01) 30.4201 -89.1369 2009 2 0 0.00 0 0.00 
impatiens MS Lucedale (MS09.site02) 30.8516 -88.8841 2009 2 0 0.00 0 0.00 
impatiens MS West Point (MS09.site03) 33.5544 -88.6417 2009 50 0 0.00 0 0.00 
impatiens NC Alamance (Hwy 62) (NC09.site03) 35.9806 -79.5572 2009 8 0 0.00 0 0.00 
impatiens NC Cold Springs (Hwy 181) (NC09.site04) 35.9583 -81.8656 2009 25 0 0.00 0 0.00 
impatiens NC Marian (US 221) (NC09.site05) 35.8935 -81.9367 2009 5 0 0.00 0 0.00 
impatiens NC Mt. Airy (Hwy 66) (NC09.site02) 36.4704 -80.3947 2009 8 0 0.00 0 0.00 
impatiens NC Mt. Mitchell S. P.  (NC09.site06) 35.7450 -82.2776 2009 30 0 0.00 0 0.00 
impatiens NC Wadesboro (Hwy 109) (NC09.site01) 35.0436 -80.0250 2009 15 0 0.00 5 33.33 
impatiens NE Branched Oak Lake R. A. (NE08.site01) 40.9600 -96.8638 2008 23 0 0.00 0 0.00 
impatiens NE Calamus Reservoir (NE09.site02) 41.7404 -98.8093 2009 1 0 0.00 0 0.00 
impatiens NE Plattsmouth  (NE08.site02) 40.9998 -95.8726 2008 10 0 0.00 0 0.00 
impatiens NY New York 96A (NY09.site02) 42.6817 -76.8511 2009 21 0 0.00 0 0.00 
impatiens NY Niagra Falls (Rd. 104) (NY09.site01) 43.2022 -78.8296 2009 21 0 0.00 0 0.00 
impatiens NY SUNY Stony Brook (NY09.site05) 40.9239 -73.1238 2009 26 0 0.00 5 19.23 
impatiens NY Wading River (25A) (NY09.site04) 40.9444 -72.8361 2009 51 0 0.00 5 9.80 
impatiens NY Wappinger Lake (Rt. 9) (NY09.site06) 41.6024 -73.9116 2009 51 2 3.92 1 1.96 
impatiens OH Delphos (Route 190) (OH09.site01) 40.8922 -84.3158 2009 11 0 0.00 0 0.00 
impatiens OH Fletcher (Hwy 589) (OH09.site05) 40.0979 -84.1159 2009 20 0 0.00 0 0.00 
impatiens OH Tacoma (Hwy 147) (OH09.site04) 40.0015 -81.1431 2009 14 0 0.00 0 0.00 
impatiens OH Wooster (Hwy 83) (OH09.site03) 40.9082 -81.9792 2009 42 0 0.00 0 0.00 
impatiens PA Loyalsock State Forest (PA09.site02) 41.3778 -76.8368 2009 19 0 0.00 1 5.26 
impatiens PA State College (PA09.site03) 40.7603 -77.8385 2009 32 0 0.00 5 15.63 
impatiens PA Susquehannock Forest (PA09.site01) 41.4028 -78.0264 2009 24 0 0.00 1 4.17 
impatiens SC Boykin (Hwy 26) (SC09.site03) 34.1564 -80.5743 2009 2 0 0.00 0 0.00 
impatiens SC Chesterfield (Rt 102) (SC09.site04) 34.7264 -80.0906 2009 39 0 0.00 1 2.56 
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impatiens SC Sumter N.F. (Hwy 28) (SC09.site01) 33.9419 -82.3627 2009 44 0 0.00 0 0.00 
impatiens SC Sumter N.F. (Hwy 28) (SC09.site01) 34.4436 -81.7554 2009 20 0 0.00 0 0.00 
impatiens SD DeSmet (Hwy14) (SD08.site04) 44.3717 -97.5246 2008 1 0 0.00 0 0.00 
impatiens TN Camden (Hwy 70) (TN09.site02) 36.0120 -88.0606 2009 43 0 0.00 0 0.00 
impatiens TN Cherokee N.F. (TN09.site04) 35.9228 -82.9772 2009 6 0 0.00 0 0.00 
impatiens TN Coker Creek (Hwy 68) (TN09.site06) 35.2410 -84.3182 2009 12 0 0.00 0 0.00 
impatiens TN Franklin (TN09.site03) 35.9162 -86.8449 2009 11 0 0.00 0 0.00 
impatiens TN Smokey Mt. N.P. (TN09.site05) 35.6090 -83.9352 2009 9 0 0.00 0 0.00 
impatiens TX San Lovis Pass (TX08.site03) 29.0950 -95.1042 2008 12 1 8.33 1 8.33 
impatiens VA Big Reed Island Creek (VA09.site02) 36.7229 -80.5809 2009 30 0 0.00 0 0.00 
impatiens VA Charlotte Co. (Hwy 47) (VA09.site04) 37.2557 -78.6809 2009 30 0 0.00 0 0.00 
impatiens VA George Washington N.F. (VA09.site03) 37.5151 -79.7024 2009 30 0 0.00 0 0.00 
impatiens VA Martinsville (Hwy 220) (VA09.site01) 36.7576 -79.9367 2009 30 0 0.00 0 0.00 
impatiens VA Natural Tunnel S.P. (VA09.site05) 36.6749 -82.7469 2009 9 0 0.00 0 0.00 
impatiens VT Green Mtn. N.F. (Rt. 100) (VT09.site02) 42.8884 -72.8616 2009 1 0 0.00 0 0.00 
impatiens VT Ludlow (VT09.site01) 43.4144 -72.7055 2009 5 0 0.00 0 0.00 
impatiens WI Hazel Green (Hwy 11) (WI09.site04) 42.5289 -90.4951 2009 29 0 0.00 0 0.00 
impatiens WI Madison (WI08.site01) 43.0410 -89.4315 2008 14 0 0.00 0 0.00 
impatiens WI Madison Arboretum (WI09.site01) 43.0410 -89.4315 2009 22 0 0.00 0 0.00 
impatiens WI Rocky Arbor S.P. (Hwy 13) (WI08.site05) 43.6265 -89.8061 2008 34 1 2.94 0 0.00 
impatiens WI Rocky Arbor S.P. (WI08.site03) 43.6422 -89.8111 2008 4 0 0.00 0 0.00 
impatiens WI Rocky Arbor S.P. (WI09.site02) 43.6267 -89.8041 2009 44 0 0.00 0 0.00 
impatiens WI Sparta (Hwy 16) (WI08.site04) 43.9427 -90.7490 2008 27 0 0.00 0 0.00 
impatiens WI Sparta (Hwy 16) (WI09.site03) 43.9347 -90.8469 2009 22 0 0.00 0 0.00 
impatiens WI University of Wisconsin (WI08.site06) 43.0410 -89.4315 2008 55 0 0.00 0 0.00 
impatiens WI Wyeville (WI08.site02) 44.0300 -90.4203 2008 24 0 0.00 0 0.00 
insularis           
insularis CO Mount Crested Butte 38.9186 -106.9599 2008 6 0 0.00 0 0.00 
insularis CO Silverthorne 39.7184 -106.1513 2008 7 0 0.00 0 0.00 
insularis ID Independence Lake 42.1988 -113.6670 2008 3 0 0.00 0 0.00 
insularis ID Riggins 45.5712 -116.3048 2008 1 1 100.00 0 0.00 
insularis MT Beaverhead N.F. 44.7512 -111.2638 2009 1 0 0.00 0 0.00 
insularis MT Hebgen Lake 44.7438 -111.2590 2008 1 0 0.00 0 0.00 
insularis NV Humboldt National Forest 40.6642 -115.4472 2008 3 0 0.00 0 0.00 
insularis OR Mt Ashland 42.0835 -122.7306 2008 4 1 25.00 0 0.00 
insularis OR Mt Hood 45.3251 -121.6360 2008 2 0 0.00 0 0.00 
insularis OR Mt. Ashland 42.0835 -122.7306 2009 1 0 0.00 0 0.00 
insularis OR Mt. Ashland 42.0835 -122.7306 2009 4 0 0.00 0 0.00 
insularis OR Richland 44.9684 -117.4320 2008 1 0 0.00 0 0.00 
insularis OR Wallowa-Whitman N.F. 45.6997 -117.2947 2008 3 1 33.33 0 0.00 
insularis UT Clear Creek 41.9491 -113.3495 2009 1 0 0.00 0 0.00 
insularis UT Guardsman Pass 40.6084 -111.5507 2008 1 0 0.00 0 0.00 
insularis UT Park City 40.6084 -111.5507 2008 15 0 0.00 0 0.00 
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insularis UT Sheep Creek Lake 40.8836 -109.8066 2008 16 0 0.00 0 0.00 
insularis WA Cashmere 47.6376 -120.4418 2008 1 0 0.00 0 0.00 
insularis WA Wallowa-Whitman N.F. 45.0063 -117.5168 2009 4 0 0.00 0 0.00 
insularis WY Grand Targhee Resort 43.7801 -110.9630 2008 4 0 0.00 0 0.00 
insularis WY Medicine Bow N.F. 41.3464 -106.1843 2009 3 0 0.00 0 0.00 
insularis WY Medicine Bow N.F. (WY08.site01) 41.3213 -106.1573 2008 1 0 0.00 0 0.00 
melanopygus           
melanopygus CA Indian Creek Rd. 41.9658 -123.5029 2008 6 2 33.33 1 16.67 
melanopygus CO Silverthorne 39.7184 -106.1513 2008 1 0 0.00 0 0.00 
melanopygus ID New Meadows 44.9898 -116.1886 2008 1 0 0.00 0 0.00 
melanopygus MT Lewis & Clark N.F. 46.8580 -110.6782 2009 10 1 10.00 3 30.00 
melanopygus NV Humboldt National Forest 40.6642 -115.4472 2008 8 0 0.00 0 0.00 
melanopygus OR Baker City 45.0065 -117.5794 2008 1 0 0.00 0 0.00 
melanopygus OR Bunker Hill 43.2717 -124.2616 2008 1 0 0.00 0 0.00 
melanopygus OR Mt Hood 45.3251 -121.6360 2008 9 0 0.00 0 0.00 
melanopygus OR Sisters 44.2561 -121.6905 2008 4 0 0.00 0 0.00 
melanopygus OR Tillamook State Forest 45.6196 -123.4220 2008 1 0 0.00 0 0.00 
melanopygus OR Wyeth 45.6910 -121.7656 2008 2 0 0.00 0 0.00 
melanopygus UT Sheep Creek Lake 40.8836 -109.8066 2008 3 0 0.00 0 0.00 
melanopygus UT Spirit Lake 40.8429 -109.9965 2008 12 0 0.00 0 0.00 
melanopygus UT Tony Grove 41.8936 -111.6436 2008 2 0 0.00 0 0.00 
melanopygus WA Stevens Pass 47.7460 -121.0880 2008 6 0 0.00 0 0.00 
melanopygus WY Sourdough Creek 44.2413 -106.9864 2008 3 0 0.00 1 33.33 
mixtus           
mixtus CA E Fork Trinity River 40.8102 -122.5029 2007 5 0 0.00 0 0.00 
mixtus CA Indian Creek 41.9658 -123.5029 2007 50 17 34.00 0 0.00 
mixtus CA Indian Creek Rd. 41.9658 -123.5029 2008 68 29 42.65 22 32.35 
mixtus CO Crested Butte 38.9186 -106.9599 2008 1 0 0.00 0 0.00 
mixtus CO Gothic 39.9948 -107.0588 2008 10 0 0.00 0 0.00 
mixtus CO Nederland (Hwy 72) (CO08.site03) 40.0230 -105.5135 2008 3 0 0.00 0 0.00 
mixtus CO Silverthorne 39.7184 -106.1513 2008 1 0 0.00 0 0.00 
mixtus ID Kanisku N.F. 48.8529 -116.2790 2009 1 0 0.00 0 0.00 
mixtus ID New Meadows 44.9898 -116.1886 2008 21 0 0.00 0 0.00 
mixtus MT Beaverhead N.F. 44.7512 -111.2638 2009 25 0 0.00 3 12.00 
mixtus MT Big Sky 45.0618 -111.2555 2008 6 0 0.00 0 0.00 
mixtus MT Hebgen Lake 44.7438 -111.2590 2008 32 0 0.00 9 28.13 
mixtus MT Lewis & Clark N.F. 46.8580 -110.6782 2009 28 0 0.00 5 17.90 
mixtus OR Baker City 45.0065 -117.5794 2008 1 0 0.00 0 0.00 
mixtus OR Castle Point 42.9031 -122.3013 2009 19 0 0.00 5 26.30 
mixtus OR LaGrande 45.2128 -118.0278 2008 3 0 0.00 0 0.00 
mixtus OR Lake of the Woods 42.3846 -122.2131 2007 5 1 20.00 0 0.00 
mixtus OR Lake of the Woods 42.3893 -122.2148 2008 56 0 0.00 0 0.00 
mixtus OR Lake of the Woods 42.3893 -122.2148 2009 9 0 0.00 0 0.00 
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mixtus OR Mt Ashland 42.0835 -122.7306 2008 4 0 0.00 0 0.00 
mixtus OR Mt Hood 45.3251 -121.6360 2008 8 0 0.00 0 0.00 
mixtus OR Richland 44.9684 -117.4320 2008 11 0 0.00 0 0.00 
mixtus OR Selmak Lake 42.2621 -123.5851 2008 2 0 0.00 0 0.00 
mixtus OR Tillamook State Forest 45.6196 -123.4220 2008 3 1 33.33 0 0.00 
mixtus OR Wallowa-Whitman N.F. 45.6997 -117.2947 2008 13 0 0.00 1 7.69 
mixtus OR Wyeth 45.6910 -121.7656 2008 1 0 0.00 0 0.00 
mixtus UT Spirit Lake 40.8429 -109.9965 2008 11 0 0.00 0 0.00 
mixtus UT Tony Grove 41.8936 -111.6436 2008 2 0 0.00 0 0.00 
mixtus WA Delphi 46.9606 -123.1023 2008 14 0 0.00 0 0.00 
mixtus WA Naselle 46.3613 -123.8153 2008 5 1 20.00 0 0.00 
mixtus WA Skokomish 47.3519 -123.3248 2008 17 5 29.41 0 0.00 
mixtus WA Turtleback 48.6411 -122.9768 2009 26 1 3.80 0 0.00 
mixtus WA Wallowa-Whitman N.F. 45.0063 -117.5168 2009 3 0 0.00 0 0.00 
mixtus WY Grand Targhee Resort 43.7801 -110.9630 2008 1 0 0.00 0 0.00 
mixtus WY Medicine Bow N.F. (WY08.site01) 41.3213 -106.1573 2008 1 0 0.00 0 0.00 
mixtus WY Powder (Big Horn N.F.) 44.1649 -107.2138 2009 1 0 0.00 0 0.00 
mixtus WY Sourdough Creek 44.2413 -106.9864 2008 1 0 0.00 0 0.00 
morrisoni           
morrisoni NV Humboldt National Forest 40.6642 -115.4472 2008 1 0 0.00 0 0.00 
nevadensis           
nevadensis NE Calamus Reservoir (NE09.site02) 41.7404 -98.8093 2009 1 0 0.00 0 0.00 
nevadensis SD Deadwood (Hwy 14A) (SD08.site01) 44.3887 -103.6221 2008 2 0 0.00 0 0.00 
nevadensis SD Hwy 385 (SD08.site02) 43.6644 -103.5894 2008 6 0 0.00 0 0.00 
nevadensis SD Pierre (Hwy 83) (SD08.site03) 44.2907 -100.3331 2008 3 0 0.00 0 0.00 
nevadensis WA Anatone 46.1083 -117.2458 2008 4 0 0.00 0 0.00 
nevadensis WA Wawawai Bay 47.7460 -121.0880 2008 1 0 0.00 0 0.00 
nevadensis WY Frye Lake 42.7442 -108.8169 2009 1 0 0.00 0 0.00 
nevadensis WY Glendo State Park (WY08.site02) 42.4831 -105.0070 2008 23 0 0.00 0 0.00 
nevadensis WY Highway 85 (WY08.site06) 44.1363 -104.1066 2008 3 0 0.00 0 0.00 
nevadensis WY Mutts Meadow 44.7603 -107.5948 2008 2 0 0.00 0 0.00 
nevadensis WY Thunder Basin Nat. Grassl. (WY08.site05) 43.7523 -104.5853 2008 1 0 0.00 0 0.00 
nevadensis WY Tuttle Rd. (WY08.site04) 41.9125 -105.3204 2008 1 0 0.00 0 0.00 
occidentalis           
occidentalis CO Arapaho N.F. 39.9404 -105.5595 2009 1 0 0.00 0 0.00 
occidentalis CO Crested Butte 38.8908 -106.9951 2008 28 11 39.29 0 0.00 
occidentalis CO Daley Gulch (San Isabel N.F.) 38.8397 -105.9893 2009 16 8 50.00 0 0.00 
occidentalis CO Estes Park 40.3918 -105.4876 2009 5 1 20.00 0 0.00 
occidentalis CO Mount Crested Butte 38.9186 -106.9599 2008 1 0 0.00 0 0.00 
occidentalis CO Mount Crested Butte 38.9186 -106.9599 2009 23 0 0.00 0 0.00 
occidentalis CO Plat River Rd. (CO08.site02) 39.3775 -105.1725 2008 1 1 100.00 0 0.00 
occidentalis CO Silverthorne 39.7184 -106.1513 2008 1 1 100.00 0 0.00 
occidentalis CO Swanson Lake 38.3230 -107.4761 2009 1 0 0.00 0 0.00 
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occidentalis ID Happy Gap Fork 48.2995 -116.7036 2009 1 0 0.00 0 0.00 
occidentalis ID Independence Lake 42.1988 -113.6670 2008 2 1 50.00 0 0.00 
occidentalis ID Kanisku N.F. 48.8529 -116.2790 2009 1 0 0.00 0 0.00 
occidentalis ID New Meadows 44.9898 -116.1886 2008 1 1 100.00 0 0.00 
occidentalis MT Beaverhead N.F. 44.7512 -111.2638 2009 2 1 50.00 0 0.00 
occidentalis MT Como Lake 46.0676 -114.2485 2009 1 0 0.00 0 0.00 
occidentalis MT Gallatin N.F. 45.2879 -110.5363 2009 1 0 0.00 0 0.00 
occidentalis MT Hebgen Lake 44.7438 -111.2590 2008 7 2 28.57 0 0.00 
occidentalis MT Hungry Horse Dam 48.3045 -113.9841 2009 6 5 83.30 0 0.00 
occidentalis MT Lewis & Clark N.F. 46.8580 -110.6782 2009 2 1 50.00 0 0.00 
occidentalis MT Lolo Hot Springs 46.7082 -114.5266 2009 1 0 0.00 0 0.00 
occidentalis MT Lower Thompson Lake 48.0238 -115.0123 2009 1 0 0.00 0 0.00 
occidentalis NV Lamoille Canyon 1 40.6916 -115.4742 2007 1 1 100.00 0 0.00 
occidentalis OR Castle Point 42.9031 -122.3013 2009 1 0 0.00 0 0.00 
occidentalis OR Lake of the Woods 42.3846 -122.2131 2007 1 0 0.00 0 0.00 
occidentalis OR Lake of the Woods 42.3893 -122.2148 2008 5 0 0.00 1 20.00 
occidentalis OR Lake of the Woods 42.3893 -122.2148 2009 6 0 0.00 1 16.70 
occidentalis OR Lakeview 42.1836 -120.3490 2009 5 1 20.00 0 0.00 
occidentalis OR Medical Springs 44.9684 -117.4320 2008 1 0 0.00 0 0.00 
occidentalis OR Mt. Ashland 42.0835 -122.7306 2009 1 0 0.00 1 100.00 
occidentalis UT Clear Creek 41.9491 -113.3495 2007 25 25 100.00 0 0.00 
occidentalis UT Clear Creek 41.9491 -113.3495 2009 2 0 0.00 1 50.00 
occidentalis UT Park City 40.6084 -111.5507 2008 1 0 0.00 0 0.00 
occidentalis UT Park City 40.6860 -111.5583 2009 3 1 33.30 0 0.00 
occidentalis UT Spirit Lake 40.8429 -109.9965 2008 4 0 0.00 0 0.00 
occidentalis UT Tony Grove 41.8936 -111.6436 2008 3 1 33.33 0 0.00 
occidentalis WY Medicine Bow N.F. 41.3464 -106.1843 2009 7 1 14.30 0 0.00 
occidentalis WY Medicine Bow N.F. (WY08.site01) 41.3213 -106.1573 2008 1 0 0.00 0 0.00 
occidentalis WY Ryan Park (Medicine Bow N.F.) 41.3221 -106.4123 2009 1 1 100.00 0 0.00 
occidentalis WY Yellowstone N.P. 44.3592 -110.5780 2009 1 0 0.00 0 0.00 
pensylvanicus           
pensylvanicus AL County Rd. 85 (Hwy 41) (AL09.site03) 32.2128 -86.9702 2009 1 1 100.00 0 0.00 
pensylvanicus AL Six Mile (Rt. 25) (AL09.site04) 33.0452 -87.0059 2009 1 0 0.00 0 0.00 
pensylvanicus AR Devil's Den S.P (Hwy 74) (AR08.site02) 35.8207 -94.1590 2008 1 0 0.00 0 0.00 
pensylvanicus AR Ozark N.F. (Hwy 16) (AR08.site01) 36.1015 -94.4352 2008 5 0 0.00 0 0.00 
pensylvanicus IA Denison (US 30) (IA09.site01) 41.9911 -95.3928 2009 3 1 33.33 0 0.00 
pensylvanicus IA Oskaloosa (Hwy 63) (IA08.site03) 41.3298 -92.6473 2008 6 3 50.00 0 0.00 
pensylvanicus IL Allerton Park (Statue) (IL09.site02) 40.0077 -88.6448 2009 2 1 50.00 0 0.00 
pensylvanicus IL Galton (Hwy 45) (IL08.site15) 39.7606 -88.2974 2008 20 3 15.00 0 0.00 
pensylvanicus IL Havanna (Hwy 78) (IL08.site08) 40.2533 -90.0879 2008 2 0 0.00 0 0.00 
pensylvanicus IL Hewitville (Hwy 48) (IL08.site13) 39.5248 -89.3284 2008 17 2 11.76 0 0.00 
pensylvanicus IL Hewitville (Hwy 48) (IL09.site03) 39.5111 -89.3416 2009 2 1 50.00 0 0.00 
pensylvanicus IL I57 & Hwy 146 (IL09.site07) 37.4471 -89.1175 2009 4 0 0.00 0 0.00 
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pensylvanicus IL Murphysboro (Hwy 149) (IL08.site01) 37.7735 -89.4186 2008 10 4 40.00 0 0.00 
pensylvanicus IL Pesotum (Hwy 45) (IL09.site06) 39.9372 -88.2706 2009 10 0 0.00 0 0.00 
pensylvanicus IL Sand Ridge (Hwy 136) (IL08.site17) 40.3004 -89.8433 2008 20 12 60.00 0 0.00 
pensylvanicus IL Sand Ridge S.F. (IL09.site01) 40.3902 -89.8584 2009 1 0 0.00 0 0.00 
pensylvanicus IL Shawnee N.F. (Hwy 146) (IL08.site16) 37.3793 -88.5923 2008 8 2 25.00 0 0.00 
pensylvanicus IN Hoosier National Forest (IN09.site04) 38.4093 -86.7305 2009 4 0 0.00 0 0.00 
pensylvanicus KS Baldwin City (US 59) (KS09.site01) 38.7533 -95.2688 2009 1 0 0.00 0 0.00 
pensylvanicus KS Cherokee (Hwy 400) (KS08.site05) 37.3394 -94.8313 2008 2 1 50.00 0 0.00 
pensylvanicus KS Council Grove Lake (KS09.site03) 38.6872 -96.4928 2009 3 0 0.00 0 0.00 
pensylvanicus KS Hwy 4 & S. Gypsum Rd. (KS08.site02) 38.6966 -97.4281 2008 4 1 25.00 0 0.00 
pensylvanicus KS Rush Center (Hwy 96) (KS08.site04) 38.4647 -99.1695 2008 5 1 20.00 0 0.00 
pensylvanicus KS Williamstown (Hwy 59) (KS08.site01) 39.1443 -95.5016 2008 36 4 11.11 0 0.00 
pensylvanicus KY Paducah (Hwy 62) (KY09. site02) 37.0253 -88.7622 2009 7 0 0.00 0 0.00 
pensylvanicus LA Barksdale Airforce Base (LA09.site01) 32.5258 -93.6794 2009 8 0 0.00 0 0.00 
pensylvanicus LA Bayou LaFourche River (LA09.site03) 29.5346 -90.3370 2009 2 0 0.00 0 0.00 
pensylvanicus LA Davis Loop & Hwy 4 (LA09.site02) 32.2689 -93.0218 2009 37 1 2.70 0 0.00 
pensylvanicus MO Atlanta (MO08.site07) 39.8987 -92.4737 2008 2 0 0.00 0 0.00 
pensylvanicus MO Aurora (Hwy 60) (MO09.site03) 36.9619 -93.6843 2009 24 5 20.83 0 0.00 
pensylvanicus MO Billing (Hwy 60) (MO08.site08) 37.0566 -93.5678 2008 2 0 0.00 0 0.00 
pensylvanicus MO Busch Conserv. Area (MO08.site01) 38.7097 -90.7490 2008 2 1 50.00 0 0.00 
pensylvanicus MO Iowa border (MO08.site09) 40.5002 -92.1637 2008 5 0 0.00 0 0.00 
pensylvanicus MO Kirksville (Hwy 53) (MO09.site05) 40.1658 -92.5716 2009 2 0 0.00 0 0.00 
pensylvanicus MO Litzsinger Prairie (MO08.site04) 38.6226 -90.3771 2008 3 0 0.00 0 0.00 
pensylvanicus MO Rocheport (Hwy 40) (MO09.site04) 38.9897 -92.5157 2009 14 4 28.57 0 0.00 
pensylvanicus MO Shaw Nature Reserve (MO08.site02) 38.4834 -90.8230 2008 1 0 0.00 0 0.00 
pensylvanicus MO Shaw Nature Reserve (MO09.site02) 38.4804 -90.8234 2009 1 0 0.00 1 100.00 
pensylvanicus MO Tucker Prairie (MO08.site05) 38.9490 -91.9898 2008 1 0 0.00 0 0.00 
pensylvanicus MS West Point(MS09.site03) 33.5544 -88.6417 2009 26 2 7.69 0 0.00 
pensylvanicus NC Alamance (Hwy 62) (NC09.site03) 35.9806 -79.5572 2009 1 0 0.00 0 0.00 
pensylvanicus NC Wadesboro (Hwy 109) (NC09.site01) 35.0436 -80.0250 2009 1 0 0.00 0 0.00 
pensylvanicus NE Branched Oak Lake R. A. (NE08.site01) 40.9600 -96.8638 2008 1 0 0.00 0 0.00 
pensylvanicus NE Calamus Reservoir (NE09.site02) 41.7404 -98.8093 2009 9 1 11.11 0 0.00 
pensylvanicus OK Mead (US 70) (OK09.site01) 33.9987 -96.5354 2009 7 0 0.00 0 0.00 
pensylvanicus OK Meers (Hwy 58) (OK08.site01) 34.7842 -98.5135 2008 9 3 33.33 0 0.00 
pensylvanicus OK Norman (Hwy 9) (OK08.site02) 35.1892 -97.3647 2008 16 0 0.00 0 0.00 
pensylvanicus OK Snyder (US 183) (OK09.site04) 34.5945 -98.9670 2009 2 1 50.00 0 0.00 
pensylvanicus OK Thunderbird State Park (OK09.site02) 35.2540 -97.2653 2009 8 0 0.00 0 0.00 
pensylvanicus OK Wichita Mts. Wildl. Ref. (OK09.site03) 34.7344 -98.5878 2009 2 1 50.00 0 0.00 
pensylvanicus SC Boykin (Hwy 26) (SC09.site03) 34.1564 -80.5743 2009 1 0 0.00 0 0.00 
pensylvanicus SC Sumter N.F. (Hwy 28) (SC09.site01) 34.4436 -81.7554 2009 1 0 0.00 0 0.00 
pensylvanicus SD DeSmet (Hwy14) (SD08.site04) 44.3717 -97.5246 2008 1 0 0.00 0 0.00 
pensylvanicus SD Pierre (Hwy 83) (SD08.site03) 44.2907 -100.3331 2008 13 0 0.00 0 0.00 
pensylvanicus SD Viborg (Hwy 19) (SD08.site05) 43.1921 -97.0808 2008 15 0 0.00 0 0.00 
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pensylvanicus TN Camden (Hwy 70) (TN09.site02) 36.0120 -88.0606 2009 1 0 0.00 0 0.00 
pensylvanicus TX Elgin (Hwy 290) (TX08.site02) 30.3509 -97.4504 2008 63 1 1.59 0 0.00 
pensylvanicus TX Elgin (Hwy 290) (TX09.site03) 30.3480 -97.3847 2009 8 0 0.00 0 0.00 
pensylvanicus TX Galveston Island (TX08.site05) 29.0868 -95.1168 2008 9 2 22.22 0 0.00 
pensylvanicus TX Ladybird Johnson Center (TX08.site01) 30.1856 -97.8705 2008 20 1 5.00 0 0.00 
pensylvanicus TX Rising Star (US 183) (TX09.site02) 32.0995 -98.9643 2009 14 3 21.43 0 0.00 
pensylvanicus TX San Lovis Pass (TX08.site03) 29.0950 -95.1042 2008 23 2 8.70 0 0.00 
pensylvanicus TX Segno (Fire Lane Rd.) (TX08.site04) 30.6711 -94.7184 2008 13 2 15.38 0 0.00 
pensylvanicus TX Throckmorton (US 183) (TX09.site01) 33.1773 -99.1768 2009 2 0 0.00 0 0.00 
perplexus           
perplexus NC Mt. Mitchell S. P.  (NC09.site06) 35.7450 -82.2776 2009 2 1 50.00 0 0.00 
rufocinctus           
rufocinctus CO Daley Gulch (San Isabel N.F.) 38.8397 -105.9893 2009 1 0 0.00 0 0.00 
rufocinctus CO Mount Crested Butte 38.9186 -106.9599 2008 49 1 2.04 0 0.00 
rufocinctus CO Mount Crested Butte 38.9186 -106.9599 2009 1 0 0.00 0 0.00 
rufocinctus CO Nederland (Hwy 72) (CO08.site03) 40.0230 -105.5135 2008 1 0 0.00 0 0.00 
rufocinctus CO Silverthorne 39.7184 -106.1513 2008 1 0 0.00 0 0.00 
rufocinctus ID Kanisku N.F. 48.8529 -116.2790 2009 1 0 0.00 0 0.00 
rufocinctus ID New Meadows 44.9898 -116.1886 2008 2 0 0.00 0 0.00 
rufocinctus ID Riggins 45.5712 -116.3048 2008 2 0 0.00 0 0.00 
rufocinctus IL Castle Rock S.P. (IL09.site04) 41.9783 -89.3570 2009 1 0 0.00 0 0.00 
rufocinctus MN Caledonia (Hwy 44) (MN09.site02) 43.6285 -91.5072 2009 2 0 0.00 0 0.00 
rufocinctus MT Beaverhead N.F. 44.7512 -111.2638 2009 1 0 0.00 0 0.00 
rufocinctus MT Big Sky 45.0618 -111.2555 2008 11 0 0.00 0 0.00 
rufocinctus MT Gallatin N.F. 45.2879 -110.5363 2009 1 0 0.00 0 0.00 
rufocinctus MT Hebgen Lake 44.7438 -111.2590 2008 2 0 0.00 0 0.00 
rufocinctus NV Humboldt National Forest 40.6642 -115.4472 2008 2 0 0.00 0 0.00 
rufocinctus OR Mt Ashland 42.0835 -122.7306 2008 1 0 0.00 0 0.00 
rufocinctus SD Hwy 385 (SD08.site02) 43.6644 -103.5894 2008 1 0 0.00 0 0.00 
rufocinctus UT Cyclone Lake 37.9737 -111.7241 2008 4 0 0.00 0 0.00 
rufocinctus UT Park City 40.6084 -111.5507 2008 23 0 0.00 0 0.00 
rufocinctus UT Tony Grove 41.8936 -111.6436 2008 3 0 0.00 0 0.00 
rufocinctus WA Anatone 46.1083 -117.2458 2008 1 0 0.00 0 0.00 
rufocinctus WA Smoot Hill 47.3519 -123.3248 2008 10 0 0.00 0 0.00 
rufocinctus WA Wawawai Bay 47.7460 -121.0880 2008 2 0 0.00 0 0.00 
rufocinctus WY Cow Camp Spring (Big Horn N.F.) 44.3190 -106.9424 2009 1 0 0.00 0 0.00 
rufocinctus WY Frye Lake 42.7442 -108.8169 2009 1 0 0.00 0 0.00 
rufocinctus WY Medicine Bow N.F. (WY08.site01) 41.3213 -106.1573 2008 4 0 0.00 0 0.00 
rufocinctus WY Shoshone N.F. 42.7366 -108.8366 2009 1 0 0.00 0 0.00 
sitkensis           
sitkensis CA Indian Creek Rd. 41.9658 -123.5029 2008 2 1 50.00 0 0.00 
sitkensis OR Lake of the Woods 42.3893 -122.2148 2008 5 0 0.00 0 0.00 
sitkensis OR Mt Hood 45.3251 -121.6360 2008 6 0 0.00 0 0.00 
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sitkensis OR Selmak Lake 42.2621 -123.5851 2008 1 0 0.00 0 0.00 
sitkensis OR Sisters 44.2561 -121.6905 2008 2 0 0.00 0 0.00 
sitkensis OR Tillamook State Forest 45.6196 -123.4220 2008 14 0 0.00 0 0.00 
sitkensis OR Wyeth 45.6910 -121.7656 2008 6 0 0.00 0 0.00 
sitkensis WA Cashmere 47.6376 -120.4418 2008 1 0 0.00 0 0.00 
sitkensis WA Delphi 46.9606 -123.1023 2008 10 0 0.00 0 0.00 
sitkensis WA Stevens Pass 47.7460 -121.0880 2008 4 0 0.00 0 0.00 
suckleyi           
suckleyi CA Indian Creek Rd. 41.9658 -123.5029 2008 2 1 50.00 0 0.00 
suckleyi MT Lewis & Clark N.F. 46.8580 -110.6782 2009 2 0 0.00 0 0.00 
sylvicola           
sylvicola CO Arapaho N.F. 39.9404 -105.5595 2009 1 0 0.00 0 0.00 
sylvicola CO Gothic 39.9948 -107.0588 2008 16 0 0.00 0 0.00 
sylvicola CO Mount Crested Butte 38.9186 -106.9599 2009 1 0 0.00 0 0.00 
sylvicola ID New Meadows 44.9898 -116.1886 2008 1 0 0.00 0 0.00 
sylvicola MT Beaverhead N.F. 44.7512 -111.2638 2009 3 0 0.00 0 0.00 
sylvicola NV Humboldt National Forest 40.6642 -115.4472 2008 2 0 0.00 0 0.00 
sylvicola UT Cyclone Lake 37.9737 -111.7241 2008 4 0 0.00 0 0.00 
sylvicola UT Guardsman Pass 40.6084 -111.5507 2008 1 0 0.00 0 0.00 
sylvicola UT Tony Grove 41.8936 -111.6436 2008 1 0 0.00 0 0.00 
sylvicola WA Stevens Pass 47.7460 -121.0880 2008 2 0 0.00 0 0.00 
sylvicola WY Grand Targhee Resort 43.7801 -110.9630 2008 3 0 0.00 0 0.00 
sylvicola WY Medicine Bow N.F. 41.3464 -106.1843 2009 5 0 0.00 1 20.00 
sylvicola WY Medicine Mtn. 44.8023 -107.9004 2009 3 0 0.00 0 0.00 
ternarius           
ternarius MN Lake One (MN08.site07) 47.9413 -91.4614 2008 15 0 0.00 3 20.00 
terricola           
terricola ME Hancock Co. (ME09.site04) 43.2270 -70.7190 2009 2 2 100.00 0 0.00 
terricola ME Long Island (ME09.site02) 44.1268 -68.3506 2009 1 0 0.00 0 0.00 
terricola ME Stonington (ME09.site07) 44.1558 -68.6566 2009 3 0 0.00 0 0.00 
terricola NC Mt. Mitchell S. P.  (NC09.site06) 35.7450 -82.2776 2009 13 0 0.00 0 0.00 
terricola NY N. Creek (28N) (NY09.site03) 43.7770 -73.9659 2009 2 0 0.00 0 0.00 
terricola PA Susquehannock Forest (PA09.site01) 41.4028 -78.0264 2009 1 0 0.00 0 0.00 
terricola SD Deadwood (Hwy 14A) (SD08.site01) 44.3887 -103.6221 2008 1 1 100.00 0 0.00 
terricola VT Green Mtn. N.F. (Rt. 100) (VT09.site02) 42.8884 -72.8616 2009 8 0 0.00 0 0.00 
terricola VT Ludlow (VT09.site01) 43.4144 -72.7055 2009 1 0 0.00 0 0.00 
vagans           
vagans CT Farmington River Trail (CT09.site01) 41.7664 -72.8995 2009 1 0 0.00 0 0.00 
vagans MN Great River Bluff S.P. (MN08.site06) 43.9752 -91.4277 2008 10 0 0.00 0 0.00 
vagans MN Lake One (MN08.site07) 47.9413 -91.4614 2008 11 0 0.00 0 0.00 
vagans MN Sakatah S.P. (MN08.site05) 44.2196 -93.2283 2008 12 0 0.00 0 0.00 
vagans SD Deadwood (Hwy 14A) (SD08.site01) 44.3887 -103.6221 2008 1 0 0.00 0 0.00 
vagans WY Medicine Bow N.F. (WY08.site01) 41.3213 -106.1573 2008 1 0 0.00 0 0.00 
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vandykei           
vandykei MT Hebgen Lake 44.7438 -111.2590 2008 1 0 0.00 0 0.00 
vandykei OR Mt Ashland 42.0835 -122.7306 2008 3 0 0.00 0 0.00 
vandykei OR Sisters 44.2561 -121.6905 2008 5 0 0.00 0 0.00 
vandykei OR Tillamook State Forest 45.6196 -123.4220 2008 1 0 0.00 0 0.00 
vandykei WA Cashmere 47.6376 -120.4418 2008 4 0 0.00 0 0.00 
vandykei WA Delphi 46.9606 -123.1023 2008 14 0 0.00 0 0.00 
vosnesenskii           
vosnesenskii CA Callahan 41.3055 -122.7847 2009 40 1 2.50 1 2.50 
vosnesenskii CA E Fork Trinity River 40.8102 -122.5029 2007 47 1 2.13 0 0.00 
vosnesenskii CA Indian Creek Rd. 41.9658 -123.5029 2007 8 1 12.50 0 0.00 
vosnesenskii CA Indian Creek Rd. 41.9658 -123.5029 2008 69 1 1.45 5 7.25 
vosnesenskii CA Sattley 39.6128 -120.4235 2007 9 0 0.00 0 0.00 
vosnesenskii CA Shasta 1 41.3286 -122.2673 2007 7 0 0.00 0 0.00 
vosnesenskii CA Shasta 4 41.3274 -122.2621 2007 11 0 0.00 0 0.00 
vosnesenskii CA Shasta 5 41.3488 -122.2785 2007 36 1 2.78 0 0.00 
vosnesenskii OR Bunker Hill 43.2717 -124.2616 2008 75 0 0.00 2 2.67 
vosnesenskii OR Castle Point 42.9031 -122.3013 2009 5 0 0.00 1 20.00 
vosnesenskii OR Lake of the Woods 42.3846 -122.2131 2007 5 0 0.00 0 0.00 
vosnesenskii OR Lake of the Woods 42.3893 -122.2148 2008 49 0 0.00 5 10.20 
vosnesenskii OR Lake of the Woods 42.3893 -122.2148 2009 5 0 0.00 0 0.00 
vosnesenskii OR Lakeview 42.1836 -120.3490 2009 38 0 0.00 0 0.00 
vosnesenskii OR Mt Ashland 42.0835 -122.7306 2007 45 2 4.44 0 0.00 
vosnesenskii OR Mt Ashland 42.0835 -122.7306 2008 108 2 1.85 3 2.78 
vosnesenskii OR Mt Hood 45.3251 -121.6360 2008 6 0 0.00 0 0.00 
vosnesenskii OR Mt. Ashland 42.0835 -122.7306 2009 20 0 0.00 0 0.00 
vosnesenskii OR Mt. Hood N.F. 45.3259 -121.6600 2009 2 0 0.00 1 50.00 
vosnesenskii OR Selmak Lake 42.2621 -123.5851 2008 19 0 0.00 0 0.00 
vosnesenskii OR Sisters 44.2561 -121.6905 2008 123 0 0.00 0 0.00 
vosnesenskii OR Tillamook State Forest 45.6196 -123.4220 2008 5 0 0.00 0 0.00 
vosnesenskii OR Wyeth 45.6910 -121.7656 2008 17 0 0.00 0 0.00 
vosnesenskii WA Delphi 46.9606 -123.1023 2008 42 1 2.38 0 0.00 
vosnesenskii WA Glenoma 46.5382 -122.1082 2009 32 0 0.00 2 6.30 
vosnesenskii WA Port Angeles 48.1189 -123.4296 2009 22 0 0.00 0 0.00 
vosnesenskii WA Skokomish 47.3519 -123.3248 2008 42 1 2.38 0 0.00 
vosnesenskii WA Sol Duc Hot Springs 48.1048 -123.3807 2009 16 1 6.30 0 0.00 
 
